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PREFACE. 



DESOBiPnyB jQiheinistiy can be studied mth greatest benefit in 
early youth. TIm jfa^ieriments which impart a knowledge of the 
simple qualities of bodies are a source of exquisite delight to the 
young ; they are but a passing pleasure to the adult. The minds 
of young people easily assimilate such knowledge, because it is so 
perfectly adapted to their wants ; the minds of those more ad- 
vanced in years and attainments retain it only by laborious effort, 
because they have reached a stage of development to which it does 
not essentially minister. I have long believed, and each year's ex- 
perience is making the conviction deeper, that a clear and perma- 
ment knowledge of the physical and chemical properties of ele- 
ments and compounds, usually studied in mineral chemistry, can 
be more readily attained, and with better mental discipline, by 
boys and girls under the age of fifteen years, than by the senior 
class in college. 

But for this early culture I would not touch the technicalities, 
the mathematics, nor the logic in which the science so abounds, 
and which render it one of the most powerful educational forces in 
the higher courses of study. Nature has a simple and delightful 
story for the young ; let her tell it in her own simple and dignified 
way. She is, indeed, able to puzzle the wisest philosopher, and 
does 80 whenever he attempts to unveil the rare secrets of her i^ 
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iivities ; bat ahe has a '* Youth's Department/' oontaining the his- 
toiy of water, of air, of the rocks and the soil — in a word, of 
things common and useful — ^in which is an abundance of material 
by which she entertains, instructs^ {Strengthens and polishes the 
minds of the young. 

Such -views as these have prompted the preparation of this little 
ohemistiy for beginners. 



CHEMISTRY. - 



PHYSICAL AND CHEMICAL CHANGES. 



Desorilie the apparatus sho'wn In the picture.— 
A glass tube BeTeral indies long is bent at one end, and there 
passes through Uie 
"«■ I cork of a small bottle. 

The other end of the 
tube ia slipped into on 
iadia rubber tube, 
which may be put be- 
tween the lips, A ht- 
tle colored water is in 
the glass tube, about 
half-way between the 
bottle and the India 
rubber. 

Desoribe an experiment with this apparatus.— 
The neck of the bottle is grasped in the left hand, the rubber 
tnbe in the right. The lips are apphed to the month-piece 
of the rubber and then the breath is very gently blown into 
the tube. The colored water will then run rapidly toward 
the bottle, but let the lips be opened, and it will as quickly 
spring back to its place. 
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Describe another experiment "with it. — ^Let the 
breath be gently drawn out of the tube; and the colored wa- 
ter will hasten further away from the bottle, but if the lips 
are opened, it will speedily leap back again. 

Describe another experiment "with the aaxae ap- 
paratus. — ^Let.the breath be gently but rapidly blown into 
the tube and withdrawn several times in succession, and the 
colored water will be seen to perform a lively dance back and 
forth in the tube. 

Explain these experiments. — The bottle is full of air, 
so is the tube down to the colored water. This air cannot 
get out, nor can any more get in. Then, when the breath is 
pushed into the tube, the air is crowded forward into the bot- 
tle — it is compressed. But when the breath is drawn out of 
the tube, the air in the bottle grows larger and pushes the 
water along before it — the air is expanded. 

When the breath is first blown into the tube and then 
quickly withdrawn, the compression and the expansion take 
place in succession, and the dance of the water is produced. 

What change is made in the air by these ex- 
periments? — ^The motion of the water toward the bottle 
and back again shows that the air in the bottle is made 
smaller at one time and larger at another. This change in 
its size is the only change which can be seen. 

Does any other change occur? — ^There is one other 
change taking place in the air. We cannot see it occur, but 
we know that it does. It is a change in density, and this is 
the way we know that it takes place : 

When the water in the tube moves toward the bottle, it 
must push the air along in front of it. The air cannot get 
out of the bottle, and so we are certain that there is more air 
in the bottle than there was before, and since there is more 
air in the same space, it must be more dense. 

What should be noticed about these changes? — 
these changes are not changes in the nature of ^ the air. The 
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air while being compressed or expanded — while being mad< 
more dense or more rare — is preciselj the same BabstancB 
when no such changes occur. 

Mention another ofaange of this kind. — In the melt- 
ing of ice the sohd becomes a liquid, but it remains exactly 
the same substance as before. There is uo change in the Tta- 
lure of the water. 

What are such changes oslled 7~Changes lite these 
are called physical changrs. Hence yiiysiiral changes arv thorn 
during whicli Ike iialvru of Om substances remains the same. 

Sesorihe the experiment aho^oi in Fig. 2. — A pieM 

of card-board is put over the top of au ale glass. A tea* 
spoonful of sugar and auother of potasdo 
"^•'" chlorate are powdered and mixed, and thea 

laid upon the card-board. Three or four drops 
of strong sulphuric acid are allowed to fall 
from the end of & glass tube upon this mix- 
ture. Almost upon the instant when the acid 
touches the mixture, Tiolet-colored tongues of' 
flame leap up from it with a hissing sound, ae- -1 
coTopanied with lai-go volumes of white vapor 
passing off into the air. When the sound has 
ceased, and the colored flames have died out, 
only a coal-black mass is left upon the card- 

What changes have oociured in this experiment 1 
— ^The white mixture of sugar and potassic chlorate, with the> 
drops of oily-looking acid, have been changed into vapors^; 
which have gone into the air, and a black coaly mass, which 
is left behind. Not a particle of either of the substances 
used can be found remaining. These changes are chang* 
the nature of the substances. 

SesGiihe the experiment 'nrith sulphur and potas- 
ale chlorate. ^ — Take a piece of potassic chlorate about 
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large as ingrain of wheat, and about an equal quantity of 
sulphur. Put them together in a mortar and rub the mix- 
ture with the pestle vigorously. A loud explosion or a series 
of lesser explosions is produced. If the rubbing be contin- 
ued, the explosions will also continue until the mixture has 
wholly disappeared from the mortar. 

What cdionge may "be notioed in this experiment ? 
— ^The yellow solid sulphur and the white solid potassic chlo- 
rate have both been changed into gases of very different 
character. The two substances used have become some- 
thing else. The change is a change in the nature of the sub- 
stances. 

What are such changes called?— Ch^inges like those 
seen in these experiments— changes in which some bodies are 
converted into others — are called chemical changes. 

Chemical changes are those in which the nature of the sub- 
stances are altered. 

Mention fhmiliar cases of chemical change. — ^When 
wood burns it ceases to be wood ; it is changed to smoke and 
vapor and ash. When coal bums in the grate or the furnace 
it is coal no longer ; gases, ash and cinder are all that re- 
mains. When gunpowder explodes it ceases to be gunpow- 
der ; it becomes a mass of gas and vapor, which quickly dis- 
appears in the air. 

These' changes are all chemical changes, because they are 
changes in the nature of substances. 

What do "we learn by studying these chemical 
changes ? — By the study of chemical changes we may learn 
about the different kinds of matter to be found in bodies. 
Some of these kinds of matter are so very different from the 
things which can be seen around us, that one cannot fail to 
be surprised, and perhaps astonished, when he first sees them 
or is made acquainted with their curious properties. 
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In "What BOienoe do "we study cdxemioal ohangesT 

— ^Now it is the science of chenustry which teaches us about 
these chemical changes and their results. 

Chemistry is the science which treat^i of the composition and 
properties of bodies of matter, and explains the chemical changes 
which bodies may show. 



THE CHEMISTKT OF WATER. 

Who "was Von Helmont? — ^More than two hundred 
years ago there lived a man by the name of Von Hehnont. 
"We have all heard of Galileo ; Von Helmont lived at the 
same time. He was one of the noted men of science of that 
age. He took pleasure in trying all sorts of curious experi- 
ments, and by them he learned a great many things that peo- 
ple had never known before, nor even dreamed of. But he 
did not always read his experiments right, and on this ac- 
count he sometimes took from them curious notions, which 
people have since then learned to be false. 

What -were some of his curious notions? — He 
thought, for example, that there must be some way to turn 
copper or any other cheap metal into gold or silver, and he 
thought that if he could only find it out, he could fill the 
world with precious metals, and then everybody would be rich 
at once. 

Another curious notion of Von Helmont was that water 
could be changed into stone. 

Why did he think this? — He thought that he had ac- 
tually done this himself a great many times. He talked 
about it in this way : 

Whenever I boil water it slowly disappears, and no matter 
how pure it may seem, it always leaves some solid matter at 
the bottom of the vessel in which it is heated. Now where 
can this solid matter have come from ? Surely it is the wa- 
ter changed into stone by the fire. 



The ^aest men made great mistakea two hnndred years J 

igo. About BOine things they knew lees than children mavl 

I Inow DOW if they wiU try to leai-n. But Jet us hasten to ask ; 

How did people learn that Von Helmont was -wrong? 

— About one hundred years ngo there Uxc-d a Fi-encbman by 

I the name of La'voisier. Ue knew that people believed just 




a Ton.Helmont had tanght them a century before, but af- 
Jter all, he conld not quite believe that water could be boiled. J 
■into atone, and be detLTmined to find out if possible. ~ 
I Went to work in this way : 

Ho took a kind of boiler, made of glaaa, and in anoh i 
■ahape that while one part was being heated another would -J 
BTemain cold. He weighed out some clear water, put it into | 
nhe boiler, shut it op tight, and then set it boiling. The :J 
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steam from the boiling water would go over into the cold part 
of the boiler, change back to water, and then run down into 
the heated part to be boiled over again. No steam could get 
out and nothing could get in. 

And now, said Lavoisier, if any of this water is changed 
into stone there will not be as much left as I put in, and bj 
and by I will weigh it and find out . He kept that water 
boiling all the time during one hundred days and nights I 
Surely the fire had the best possible chance to change the 
water into stone if it could, but after all this time he found 
exactly as much water in the boiler as he had put into it at 
first, so that not a particle had been changed into stone or 
anything else. 

Since that experiment everybody has learned to think it 
just as impossible to change water mto stone as it is to 
change stone into bread. But we are not to suppose on this 
account that water cannot be changed into anything else ; a 
change even more wonderful than that which Von Helmont 
erroneously believed in can be wrought in this limpid liquid. 

Havr can "water be changed into something else ? — 

We have here, (Fig. 4,) at the left hand, a vessel containing 
water. Through the bottom two wires reach up into the fluid, 
and are long enough to reach the other way over to a gal- 
vanic battery at the right. Now the moment that the ends 
of these wires are joined to the poles of the battery, little bub^ 
hies of colorless gas begin to rise, in multitudes, from the 
other ends in the vessel of water. 

The water will gradually be used up, too slowly to be no- 
ticed in a short experiment, but still fast enough, so that af- 
ter a long time it may be known, and instead of the water, 
which seems to be lost, there is the colorless gas which bub- 
bles away from the wirea The water is being changed into 
gas. 



Bow oaa we catch thia gas ? — Nothing is more stm- 
pie. The picture shows how it is done. Two tall ttibee of 




glass are first filled with water, and then inverted, one over 
each wire in the vessel. The bubbles of gas have then no es- 
cape ; they rise np into the tubes ; the water is pnahed out, 
.and finally the tubes are filled with gaa. But if they were full 
IT they would look just as they now do ; baa the water 
been changed into atmospheric air? 

How can w^e tell 'what the tubes contain ? — We mast 

(KamtDe the gases in the tubes and leain whether they are 

stmoapheric air by finding out whether they will act as well 

look like it. This we can do by means of a lighted match 

or taper. See how easily it may be done. 

Let the gas in the tube over the wire which ia fastened to 

e zinc of the battery — the left-hand tube in the picture — ha 

-ezamined, first We grasp it in the fingers of the left hand, 

and at the same time close its mouth tightly with the thumb. 
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We liffc it from the water and tnm its closed mouth upward. 
We take a lighted match "in the right hand, and take the 
thumb from the mouth of the tube at the same moment that 
the flame is brought directly over it. Listen ! See I A 
sUght explosion and a feeble flame ! The gas exploded and 
then burned away. Air will not do these things ; this gas 
cannot be air. Let us name it at once. The chemist calls it 
Hydeogen. 

Is the other the same? — ^We shall find it to be very 
different. Lift the tube from the water just as the other was 
lifted. Uncover it and quickly bring the flame of the match 
over it as before. No explosion — no flame ; this is not hy- 
drogen gas. 

But extinguish the flame of the match, a Httle red coal be- 
ing left upon its end. Plunge this gloomy spark down into 
the tube. See ! It bursts quickly into a flame far more bril- 
liant than it had before it was extinguished. This was no ac- 
cident, for if we take the burning match out and again extin- 
guish all but a Httle spark of its Are, and then again plunge it, 
perhaps a little deeper, into the tube, it is relighted and bums 
as brilliantly as before. The gas in this tube has been able to 
do what air cannot. It is not air. The chemist caUs it Oxtoen. 
And now have we not answered the question — 

Into vrhat can -water be changed? — ^By the action 
of the electricity the water was converted into the two 
gases, hydrogen and oxygen. 

Von Helmont thought that water could be changed into 
stone, but that was a fiction ; is not this new truth more 
strange than the old fiction ? 

But we have two kinds of matter new to us, now intro» 
duced to our attention. Let us try to become better ac- 
quainted with them. 



HYDROGEN. 

quantity of bydrogen which we are able to get 
L by means of electricity wiU not be enough to teach us nil we 
■ may like to learn about this curious gas. The first question 
I to onawer is this ; 



Ho-w can we obtain hydrogen for experiments? — 

I It iB one of the simplest things the chemist has to do. Look 
I at the picture, (Fig. 5.) At the right hand we see a glass 
■ bottle with two necks, both corked. Before the corks were 




mt into the necks, somo pieces of zinc wers placed in the 
wttle. Some water miKed with sulphuric acid is poured 
rough the tall funnel-tube upon tho zinc. Very soon the li- 
Bquid begins to boil, not because it ia boihng hot, but because 
■|>ubble3 of hydrogen gaa are set free so very fast This gas 
^^ery eoon drives all the air out of the bottle, through the bent 
Ptube, into the water contained in a cistern, and theu itself 
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comes over from the bottle in a steady stream. To catch it, 
a tall glass jar is filled with water and turned bottom upward, 
with its open mouth over the end of the tube from which 
the gas is bubbling. Very speedily this jar will be filled ; it 
may then be taken away and another put in its place. 

But how do -vre kno^w that the jars are filled -with. 
hydrogen ? — ^We can see nothing at all in the jar if the gas 
it contains is pure. But let us lift it out of the cistern and 
touch the fiame of a taper or a match to its mouth. Quick 
as thought a sharp explosion is heard and a dull flame is 
seen. The gas that explodes and bums we know to be hy- 
drogen. 

Haying another jar of hydrogen, we are able at once to 
find out : 

What are some of its physical properties ? — ^We can 
see the jar which holds it, but the gas is too colorless and 
transparent to be visible. It is also without taste and without 
odor. 

There is another physical property which the gas, as it 
stands in the jar, cannot show us. Let us make an experi- 
ment to find out something about its weight. 

Is hydrogen lighter or heavier than air ?— Let ns 
take two small glass vessels, and fill one with hydrogen, the 
other with air. Then suppose we bring them together, as we 
may see them shown in Fig. 6, so that the one containing hy- 
drogen shall be above the other. Next turn them quick- 
ly over, to bring the air vessel to the top. Will the hydrogen 
stay at the bottom ? Not so, for if we remove the lower, jar 
and then touch the mouth of the upper one with a lighted 
match, a sharp explosion tells us that the hydrogen is there. 
Hydrogen has risen through the aur to the top just as oil 
will rise through water to its surface. It is lighter than 
air. 




] bubble show this to be true ? — 

from the hydrogen bottle fix a 
piece of rubber tube, and eiip 
tho other end of this over the 
stem of a common tobacco- 
Wien the air ia all 
driven from the apparatus, put 
the bowl of the pipe into si 
soap solution, and let tlie hy- 
drogen bottle blow a soap bub- 
ble. This bubble will not be 
long in breaking away from 
the pipe, and then it mount*, 
in a zig-zag path, to the ceil- 
ing of the r 

Does not the soap bubble tell 1 
us, SB plainly aa words could 
express it, that 
the hydrogen ia 
lighter than air ? 
The bubble has 
done much, but 
it cannot tell na 
the whole story. 
It cannot tell ua 
that hydrogen is 
the hghtest of 
all known sub- 
stances, but this I 
is true. 

fouHeen. times 
lightei 

nothing else : 
BO Ught 



WATEB. 

What Is a oonsequenoe of this lightness ? — One oon- 

sequence of this lightness of hydrogen la tliiit it wiil not stay 
in any vessel that has even the smallest opening at the top, 
but it wiil not fall out of a vessel however wide it may be 
opened at the bottom. Hydrogen might be carried in a buck- 
et if the bucket should bo kept bottom upwards ; the heav- 
ier air beneath would keep it from falling. 

But these physical properties of hydrogen are not the most 
interesting which it possesses. We Lave seen that it is oom.- 
bustible ; let us now 

Describe an experiment to show its flame — Instead 
of the bent tube in the neck of the hydrogen bottle, put a 
tall straight tube, the upper end of which is drawn to a 
point, BO as to leave the 
^- B- opening small. Now let the 

acid be poured in upon the 
zinc ; the rapid evolution of 
hydrogen will soon drive 
the air all from the bottle, 
Nol until this has been done, 
touch the jet of escaping 
hydrogen with the flame of 
a match ; it takes Are with 
slight explosion, and then 
continues to" burn with a 
dull flame as long as the gaa 
is supplied. (Fig. 8.) liet 
us look ciu'efuUy, so as to be 
able to 

Descalbe the flame of 'bTirmng hydrogBn.— TVe notiw 
first of all that it gives a very feeble light, and that what 
there ia appears to be of a bluish or perhaps of a delicate 
yellowish color. It has been lately said that this flame is en- 
tjrely without color, and that the color nsually seen is doe tl 
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impurities in the gas. However this may be, and no doubt 
it is true so far as the yellow is concerned, we are not likely 
to get it in our expeiiments in such a way as not to show 
some color. 

But what it lacks in light this flame seems to gain in heat, 
A common flame will outshine it, but no common flame of 
the same size can equal it as a source of heat. 

We have been so busy thinking of the burning of the gas 
that we have forgotten to notice 

What efifect is produced on the flame vrhich fires it ? 
— ^This question is best answered by another experiment. 
We take a piece of taper or candle and fasten it upon the 
end of a wire. Now, lifting the jar of hydrogen from the 

cistern carefully, keep- 
^s-»- * ing its mouth down- 

ward, we plunge the 
lighted taper-test up 
into the ga& In Fig. 9 
the candle is seen as if 
just to enter. The mo- 
ment the tip of the 
flame touches the gas 
a quick explosion is 
heard as usual ; the 
gas takes Are and bums 
quietly at the mouth of 
the jar, but the flame 
of the taper-test, on be- 
ing pushed up into the 
jar is extinguished: not even a spark remains upon its wick. 
The hydrogen, which itself bums, put out the flame of the 
taper as quickly as water would have done. Indeed this is 
the only respect in which we discover any likeness of hydro- 
gen to water, from which it is obtained. 
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How without water could we quench great fires ? Who, 
then, would suspect that in water there is a substance so 
combustible as hydrogen gas? 

Whenever we set fire to hydrogen in the air our ears are 
saluted with an explosion. 

Describe an experiment to Illustrate the exploslbility 
of hydrogen. — ^A strong bottle with a wide mouth is provid- 
ed with a thin cork having a hole through its centre. We 
fill the bottle about one third full of water and invert it in 
the cistern over the end of the tube leading from the hydro- 
gen bottle. Hydrogen entering the bottle will drive water 
out. We cork the bottle while its neck is still under water, 
and then, covering the small hole, we take it from the cistern 
and stand it on the tabla In the other hand take a long 
wire, to one end of which a match or taper has been fastened 
beforehand. Uncovering the hole in the cork, stepping back 
at the same time, quickly reach the fiame of the match over 
and into the hole. A sound is heard like the report of a 
small pistol, and the cork is sent fiying'to some other part of 
the room. 

Who would suspect that water could furnish us a gas more 
combustible than tinder, and when mixed with air, more ex* 
plosive than gunpowder 1 
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OXYGEN. 

Whenever eleciaricity, in our experiment, Fig. 4, gives us 
hydrogen, it gives us oxygen also, but we are not likely to get 
enough of it in this way to enable us to learn much of its 
curious character. 

From vrhat substance and how shall we obtain this 
gas? — A substance, called by chemists potassic chlorate, is 
able to furnish 02^gen in great abundance. It is a white solid, 
but every ounce of it contains about two gallons of oxygen. 

The picture (Fig 10) shows an arrangement of the apparatus 
used to get oxygen from potassic chlorate. At the left we see a 
flask, standing upon a small furnace. Into this flask the 
potassic chlorate, mixed with a small quantity of black oxide of 
manganese, is put. The flask is then tightly corked and a little 
water is poured in to fill the bend of the tall tube to serve as 
a kind of safety valve ; sometimes this tube is not used. We 
notice next, the bent tube reaching over into and almost to 
the bottom of the water in a bottle, and then another 
reaching from this bottle over into the water of the cistern at 
the right 

Now when the potassic chlorate becomes intensely heated 
by the fire of the furnace, oxygen is set free. The gas passes 
through the bottle in which it is " washed," and then over to 
the cistern where it escapes. A receiver, filled with water and 
inverted over the end of the tube, catches the gas, and when 
filled, others may be put in its place until the material refuses 
to give up any more. 

What are some of Its phyaloal properties ? — ^Looking 
at the vessels full of this gas the sharpest eye can detect no 
appearance unlike what would be seen if they were full of 
hydrogen or air. Oxygen is as colorless and ti^ansparent as 



tbey. It 13 also Jast as tasttiless and oclorless. Is there ihea 
no difference which it can ahow without chemical change? 
It certainly caunot be like both in weight How shall wo 
compare theu ? Nothing is more simpte. Let us M a jar with 




oxygen and leave it Btanding with its open moath npi 
our table. Kow, nfter soma seconds let ns lower a b 
taper into the jar ; the brightneas of the flame assures «s that 
oxygen is still there. Hydrogen would have left the jar quick- 
ly ; oxygen must be heaviei- than it. Let us next fill a jar 



with oxygen and hold it for a few &econds with its mouth 
downward. The lighted taper put into the jar then burns no 
more brightly thau in air. The fitime thus telia ua that the 
oxygen has fallen out of the jar ; it must ha heavier than air. 
Osygen is sixteen times heavier than liydrogoii and about 
1.1 times heavier than air. 

But while the physical properties of oxygen are bo mnctr 
like those of air and hydrogen, its chemical character is wo: 
derfully different. 

What are some of the chemical actions of oxygen 1 — 
Bodies bum in the air ; ia osygen such Lodiea bum with 
greater vigor. Many bodies do not bom in air ; some of 
Uieso will burn with great splendor iu oxygen. 

Describe the experiment "with a caiidle.^To speak 
first of those bodies which do burn iu ah". Let us take a 
piece of common candle ; fasten it upon the end of a bent 
"wire, Fig. 11 ; light it and sink the flame into a jar of oxygen ; 
iie flame instantly grows larger and brighter. Let us 
^^- •*■ extinguish the flame and leavo a little glowing spark 
upon its wick ; the oxygen will instantly relight it. 
The " battle for the flame " ia an amusing contest. 
"With care and skill it may be fought in this way: 

A lighted candle stands upon a table between two 
boys. One of these, whom we will call Oanj, has hia 
moaUi filled to its utmost capacity with oxygen gas ; 
the other, whom wo may call Airy, has only air in 
Ilia, Ah-y blows the candle and leaves only a glow- 
ing spark upon its wick. Osy puSs upon it and the 
[ame returns. Airy blows again and estinguishes the flame. 
tyxy gtvea another puff and relights it. Puff, puff; the flame 
BXpireB and again revives nntd Airy leaves uo spai'k upon 
the wick, or Oxy's gas ia exhausted. 

■ Desozlbe the experiment with sulphur. — Sulphur 
bams feebly in ah". Put some of this substance into a little 
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spoon ; Bet it on fire and Bink 
it into a jar of osjgen. Fig. 12. 
The eoIjiLor ivUl burst into 
beaatifnl combuetiou with pur- 
ple flame. 

Descri'be the experiment 
vrith Phosphorus. — Phos- 
['luiitis iitu-ua in ttir with great 
viyor. Put a Kmall piece of 
phosphorus into a spoon, siuk 
it into a jar of oxygen and then 
touch it willi the hot end of 
a wire. It breaks into Same, 
growing' brighter until the eye 
is dazzled. One might nlmoet 
as easily look at the bright sun at mid-day as at this florae 
of burning pho.iphoras. Bat it quickly dies and leaves &a 
jar fiUed with vapor as white aa milk. 

Desorl'be the experiment -with iron. — Among hodkB 
\ihich do not bum in air, ii-ou is a fine example of one 'which 
will bum freely in oxygen gaa. Let a wire of this metal bo 
tipped witli wood. Let the wood be set on fire and then 
thrust into a jar of oxygen. The bnming wood will set fire 
to the iron wire, which will rapidly bum with exceeding beauty. 
Or in place of the iron wire let a piece of steel watch-spring 
be used in the same way. Fig. 13. The steel will bum with a 
blinding light, filhng the jar with glowing star-like sparks, 
and waste away almost aa fast as a thread will disappear when 
one end is held in a lamp fiame. 

And now do not let us forget that this curious gas is one 
of the substances into which water was changed by electricity 
in our experiment. "Who would suspect that out of water 
could come a substance so friendly to fire, that even iron and 
steel will burn in it more &eely than tinder in air I 




What is a compmuid 

— HvdrogeQ and Oxygen, 
how different these sub- 
staoces trom the water 
whicU jielda them I Jfy- 
drogen ia a very combus- 
tible gas ; OJTygmi promoter 
the burning of other bo<l- 
iea in. the highest degree, 
but water from which tliese 
g^ases may be obtained is 
the most inveterate foe to 
fire. Water is made up of 
these two subatancesBoan- 
liko itself. Ou this account 
it ia called a compoond. 
A compound is a su6stan« 
Bin(/e vp of tiijo or inore olkcr Kvlmtaiices and having prt^Tliea 
'mtjrom theirs. 
Mention scmie other examples of compounds. — Tba 
milk-white vapor left in tha jar after the brilliant combustion 
>f phosphorus is a compound. Phosphorus is a wasy solid, 

rgen a colorlesa gas, but when put together they produce I 
ihe white vapor so different from themselves. i 

The red substance left after the burning of steel in oxygen 
B also a tx)mpound ; it was made of oxygon and steel, but it 
s liie neither of those in character. 

What are elements ? — Hydrogen has never been broken 
ip into other t-ustances unlike itself ; on this acccount it ia 
ailed an element. 

Oxygen has never yet yielded to any attempt of the chemist 
10 decompose it, or, which means the same thing, to break it 
Dto other substances unlike itself. For this reason osygeu 
i called an element, 
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An element is a substance which has never yet been aecomposed. 

Give other examples. — Sulphur, when pure, has never 
been decomposed ; it istf^an element Phosphorus is an ele- 
ment for the same reas6n. Iron and copper, so common and 
useful ; and gold and silver, so much more rare and precious, 
are able to resist every eflfort of the chemist to separate them 
into anything else, and may be noticed among familiar exam- 
ples of elements. 

What is analysis ? — Our experiment with water (Fig. 4) 
was analysis. What we must now notice is this : by passing 
electricity through the fluid we broke it up or decomposed it, 
and by so doing we learned that water is composed of the two 
gases, hydrogen and oxygen. 

Water can be decomposed in a great many other ways, and 
hydrogen and oxygen would be found to be its constituents 
in every case. No matter how it might be done, the process 
would be called an analysis. 

An analysis is any process of decomposing a compound so as to 
learn its composition. 

There is something more than we have yet noticed, and 
very important for us to know, about the composition of 
water. Let the experiment teach us what it is. 

What more does the experiment teach ? — Having the 
apparatus before us again (Fig. 14) we see the bubbling of 
the water in the tubes and the two gases collecting as before. 
But now after a httle time, behold ! how much more gas is 
caught in one tube than in the other I It is the hydrogen 
that is coming in most abundance. 

Let us look more attentively and we see that the gas is fill- 
ing the hydrogen tube just tmce as fast as the other, s We 
learned before that water consists of hydrogen and oxygen ; 
we ngw find that it contains just twice as much hydrogen as oxy^ 
gen. There is never a whit more of either of these gases by 
volume than the proportions of two to one. 

But hovr is it when the gases are -weighed instead 



of being measured ? — Very different. Hydrogen is so man; 
times lighter than oxygen that the larger bitli: of it tveighs lei 
than the Hmaller bulk of oxygen. The hydrogen from water 
weighs only one eighth as much as the oxygen. Or to put it 
in other words : the proportions by weight are one of hydro- 
gen to eight of oxygen. 



I 




Wliat then ia tiie compositloa of ■water ?~-The com- 
pleted analysis teaches that this iluid is made np of hydrogen 
and oxygen, by volume, in proportions of 2 to 1, but by 
■weight in proportions of 1 to 8, or, as the chemist oftener 
giTCS it, for a reason which we must not stop now to explain,,. J 
2 of hydrogen to 16 of oxygen. 

These two gases are the only constituents of fC&pure ipoterl 
hxA they can never be found iu it in any other proportiona I 
thUL those just stated. 
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WATER AS -WE FIND IT IN NATURE. 

3 pure water to "be fbiind abundantly ?—Tho m 
idouB water of our best spi-inga is impui'e. Even tlie'n 
p, wbicli has never touched anjthiug but the air throu 
cb it faltn, is not pure water. Pure water ia not to 
uA iu nature. If found at all it is in the laboratory of 
imust who has carefnlly obtained it by artificial meauck 
fe need to know tek'j water is always impure and «ra 
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thing about the nature of its impurities, but the facts cannot 
be stated fully in a single sentence nor even in a single page ; 
let us study the subject step by step. 

Describe the experiment. — ^Let us take a glass jar and 
fill it nearly full of colorless transparent water. Let us cover 
ifc with a piece of thin muslin and bind the muslin cover in its 
place by means of a piece of string. Let us put a spoonful 
of powdet^d cochineal upon the muslin cover and then let us 
pour slowly upon it some clear water. Very soon the water 
trickles through the muslin cover and falls into the water be- 
low. But how changed ! Instead of the clear and colorless 
water, it comes through the muslin a crimson stream. 

What has happened? — ^The water in passing through 
the cochineal broke up each httle particle of that substance 
into pieces, perhaps a thousand times smaller still. These 
little pieces are so scattered through the water that, while 
not one of them can be seen, the multitude of them gives a 
crimscm color to every part. 

Now whenever a substance is so broken into minute pieces 
which cannot be seen and which will not settle when the 
water stands quietly, it is said to be dissolved. The water 
dissolved the cochineal. The red fluid below is a solution of 
cochineal in water. 

Does "water dissolve other solids ? — ^Let common salt 
be used instead of the cochineal and the water that falls 
through the muslin cover may be as colorless as before. Has 
it, therefore, dissolved no salt? Let us taste it : we find that 
it has become brine. The water has dissolved the salt, and 
that which &II3 through is a solution of salt. 

A vast number of other solids are more or less soluble in 
water. Only let water come in contact with them and they 
enter it in solution. Some of them give it color ; others give 
no visible sign of their presence. The most colorless water 
may contain a great number and a great quantity of these 
dissolved impurities. 



Not is this all : water will disaolve gases. 

Wbo would think that a consiilerable quantity of air ia 
liiding umonj,' the molecules of a goblet of water ! 

Does Mirater dissolve air ? — Dut let us put the limpid 
liquid into a glass flusk and gently warm it Little bubbles 
of gas will shortly be seen clinging to tho bottom and sides 
of the vessel. More and more numerous and larger aud 
larger they become, until, iia the heat increases, they break 
away and escape at the eurface of the water. These bubbles 
are bubbles of air. It wau in solution in the water and tho 
heat has driven, it out. It mny be caught iu another vessel 
(Fig. IG} if desired. 
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markable example : a cubic inch of water, when bo cold as 
to be just ready to freeze, will dissolve more than a thou- 
sand cubic inches of ammonia gas I 

The unpleasant gases arising from decaying animal and 
vegetable matter are ever ready to enter water ana remain 
in solution when brought in contact with it. 

Oxygen, hydrogen and many other gases not yet spoken 
of, may be dissolved in greater or less degree by water. 

We are now prepared to explain the curious fact that pure 
xvater is not to be found in liquid form unless obtained by 
some artificial process. 

What are the impurities of rain -water ? — A drop of rain 
just starting from a cloud must be water very pure, but when 
we think of the journey it travels to reach the earth we can 
see how slight the chance of its remaining so. It falls through 
the air, and the air contains many gases which are soluble in 
water. Come as quickly as it may the httle drop must take 
in some portion of these gases on its way, and when it 
touches earth it is not pure water. The impurities of rain- 
water are the gases of the atmosphere through which it falls. 

What are the impurities of spring and river -water ? 
— Once upon the earth the contamination of the water begins 
in earnest and goes swiftly forward. In passing through the 
soil and over rocks it meets with particles of salt, sometimes 
of saltpetre and of a hundred other substances which water 
may dissolve. Some of each of these is taken into itself, and 
when it issues as a spring, or flows toward the sea in rivulets 
or rivers, the water, clear and sparkling as it may be, retains 
them alL 

The impurities of spring and river water are the soluble 
substances in the soil through which it has passed. 

Are these impurities al^o^ays the same ? — AU soils do 
not contain the same substances ; on this account the im- 
puriti^ of different waters will not be alike. The kind of 
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impurity will depend upon the character of the soluble sub- 
stances in the soil through which the water passes, and the 
quantity will depend upon the abundance of them in it. 

What is mineral vrater ? — In the waters of most springs 
no substance is dissolved in quantities large enough to make 
its presence distinctly known, but in others this is not so. 
"When a water contains enough of any one thing to give it a 
peculiar taste it is called a mineral water. 

Mineral springs take their names from the substance which 
is dissolved most largely in their waters. Sometimes it is 
common salt : they are then called salt springs. Sometimes 
it is a compound of iron : in this case the spring is called a 
chalybeate spring. Sometimes the compounds of sulphur 
are dissolved in large quantities : the spring which yields 
such water is called a sulphur spring. 

Thus all water, be it in springs or wells, in rivers, lakes or 
seas, is more or less impure. Yet people do not hesitate to 
speak of water from these sources as being pure or impure. 

What^ then, is pure water ? — If water is limpid, sweet, 
and contains no unhealthy substances, it is commonly called 
pure water, although it may contain many impurities which 
are not unpleasant. To call such water wholesome is more 
nearly con-ect than to call it pure. 

To be really pure, water must contain nothing whatever in 
solution. It must bs the compound of hydrogen and oxygen 
and nothing else. 

How may w^ater be purified ? — Water may be purified 
by boiling it. At first the heat will drive off the gaseous im- 
purities with the steam. Let these go off into the air. After 
this the pure water will be driven away as steam while the 
impurities will be left in the vessel. Let the steam be caught 
and cooled again and pure water will be obtained. 

But how shall this be done ?— The picture (Fig. 17) will 
help us to understand the process. See at the left a vessel 
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[■ with a long neck. It Btftnda upon a furnace. The other enfl 
[ of its long neck is joined to a lony tube which is coiled ii 
I a large vessel. This vessel is kept full of cold wnter. 

Now when the water boils the steam goes over through the J 
I long neck into the cold tube, in the vessel of cold water, 
[ where it is itself cooled down into water again. This water iKj 
I jiear^ pure and it may be made still more so by boiling it a1 
secoild time in the same way. 




In what other ■way may w^ater be purified ? — ^Water 

by frtfziug is Keparatad from its iujjKuitifta. By uieltiug ice 
which has been (oruied under lunat liivorublo eircum stances, 
pure water may be obtained. Snow flukes, just fallen, are 
pure frozen water. Up iu the cold atmosphere, the molecoles 




of water collect into little , groups and cling together while 
they seek the ground. How curiously formed are these little 
groups 1 (Fig. 18.) Into them no impurity enters. But like 
everything else in contact with earth, they cannot long re- 
main without contamination. 




THE ATMOSPHEBR ^ 

What was once thought to be the nature of air ? — 

Not one hundred ydiira ago most men bolieveil air to be uu 
element. Men of science bad Baiil that air couM not be do- 
composed, and no one knew how to jirovo thorn wron;^. 

Who proved that air is not an element? — But La- 
voisier separated the air into parts consisting of two different 
kinds of gim, and so proved that it is not an element, J 

Hovr did he do this?^Bj a most iugenious esperimeot. 1 
It waa performed in the following way: 
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A small qnantity of piiro mercury was put into a glass flask 
which -wflB placed upon a furnace. The llii.sk had a long and 
slender gkes neck which reached over into a vessel of mer- 
cury. Standing, mouth downward, in this vessel uf mercury 
was a glasa receiver containing air, and the neck of the flask 
was bent upward so as to reach up into it. The picture (Fig. 
20) very well represents the apparatus thu3 arranged for f " 
&1B experiment. 




TOien all was ready Lavoisier lighted the fire in the ft 
and kept it burning all the time for twelve days 1 
second he saw little red flakes of something swimming a 
on the Borface of the mercury. For four or five da; 
qnantity of this red Bitbstance increased while the qnantity i 
air in the receiver dimiuishcd. For some days longer tJ 
heat was kept up, but no further change took place and tl 
part of the work was done. He had less mercury s 
air in lie apparatus than at first, but the new red snbsta 
took the place of what was thus lost. 
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What -was this red substance ?— Lavoisier next put the 
red sabstance into a glass tube haying a small neck reaching 
over to a cistern of mercury. Oyer the end of this neck a 
glass receiver, ^ed with mercury, was inverted. He apphed 
a strong heat to the tube, when, lo I the red substance 
changed color — then began to waste away. Bubbles of col- 
orless gas began to rise into the receiver and httle globules 
of shining mercury to collect upon the inside of the tube 
above the heat. Finally the red substance disappeared com- 
pletely and the action stopped. 

This experiment proved that the red substance was a com- 
pound of mercury and the air-like gas in the receiver. 

What "was this air-like gas ? — ^It was not air for, listen : 
" Having introduced a portion of this air into a glass tube, an 
inch in diameter, I plunged a candle therein ; it burned vxith 
a dazzling Jiume" The air-like gas was oxygen ? 

The red substance then must be a compound of mercury 
and oxygen. 

Whence came this oxygen to combine "witb. the 
jnercury ? — There was nothing but mercury and air in the 
apparatus when the red substance was made, but the mercury 
took oxygen ; where could it get it but from the air ? The 
air gave up a part of itself and that part was oxygen. 

But "w^hat "was the other part ? — ^It was left in the re- 
ceiver over the mercury cistern, (Fig. 20,) and looked like air, 
but on taking some of it into another vessel and plunging the 
candle into it the flame was put out as quickly as if it had 
been plunged into water. It could not be air, for air would 
have allowed the flame to live. It was the gas called nitro- 
gen. 

And so the hot mercury of Lavoisier had separated air into 
two things very unhke itself : it took away the oxygen and 
left the nitrogen, and proved that air is not an element but 
that it is made up of at least these two gases. 



THE ATMOBPHEItE. 



NITKOGEN. 




WitL oxygen we are a littlo acquaiotfld, bub wliat is tlW 
character of this other constitueat of air ? Let as get it from 
the air, but do not let na attempt to do this by heating mer- 
cury. What LaToisier did in twelve days we are able now to 
do in as many miniites. Let us burn phosphonis instead of 
mercury. 

How may phosphorus be used to take the oxygen 
from air ? — A bit of phosphorug as large aa a pea Rhtill bo 
I-ut into ft little shallow dish and floated upon the sm-face of 
wafer in a large basin. A large glaas receiver shall be placed 
with its open mouth oyer tlie phosphorus and in the water 



below. The phosphorus is thus shut in with the air -ot^ 
receiver. (Fig. 21.) 



"When all la ready, take the stopper from the top of the 
ceiver, set the phuephoras on fiie by plunging a hot wi 
down to touch it, ami then quickly return the stopper to its' 
pluce. The phosphorus ■will bum violently with a beautiful 
flame, and the receiver will bo quickly filled with the 
milk-white vapor as was seen when phoBphorua was burned 
in oxygen. 

This white vapor is a compound of phoHphoms and oxy- 
gen; the oxygen of the air has been taken away by the phoB-' 
phorua to form it. 

But how can we get rid of this vapor ? — Nothing is] 
more simple. It is soluble in water itnd if we allow it to 
etand quietly for a little while the water will take it all onlt 
us. The nitrogen of the air will be left in the jar for ufti 
to study. 
What are BOtne of ita properties ? Let us examine it 
id we shall find that it is without color, without taste, with- 
it odor, and, if we cannot say without weight, 'we c^u say 
without as much weight aa air possesses ; it is about nine 
tenths as heavy as air when equal bulks of the two are oom* 
pared. 

What is its efl%ct upcm. flame and life ?— Ko firo can 
live in nitrogen gas. Plunge a candle flame into a jar filled 
with it and the light expires. Water could not quench it 
qaicker. 

And if we would know how it would affect us and all 
mala, were it to be breathed iustead of air; we need only to 
look at the picture (Fig, 22) which shows how the life of a 
bird would be sacrificed if we were to try the cruel experi- 
ment of shutting it up in a j:ir of nitrogen- 
Is nitrogen poisonous ? — ^Yet nitrogen is not at all poi- 
nouB. "We have taken it into our lungs with every breath, 
and must do so as long as life lasts. We are not injured by 
it The bird (Fig. 22) was not kifled by the nitrogen in 
it died because there was no oxygen there, S is 
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oxygen of the air that affects our lives. Its absence c 
Nitrogen has no power to snpport life, and on the other 
band it is quite innocent of any action that can cauee de&tii 




Tha atmosphere ia for the most part made np of these two 
gases, oxygen and nitrogen. But the student of chemistry 
does not Btop his study when bo baa learned what diflcrent 
hinds of matter are to be found in a substance. He next 
asks how miu.-h of eacli it eontains. 

What are the propoitioiis of nltro^n and oxygen 
in air? — To anaw&r this an experiment must be described. 
Let as supoose that the air to be examined contains nothing 
but oxygen and nitrogen. We may then learn fbeir propor- 
tions very nearly by using the apparatus shown in Fig. 23. 



sirnoQES. 

The bent tube contains a meosurW quantity of air, say ten 
cubitt inches, and its open end is covered by ntercory in tba 
cistern ao tbat no air can enter — none get out. In the u 
end a little metallic copper is placed ; tbia is to be heated b^ 
the lamp. 




'Kow hot copper has a strong attraction /or oxygen, i 
frill slowly take it nntil no more ia left in the tube. It 
Siotbiiig for nitrogen and will not take a particle of it. 
At the end of the heating, when the osygen ia all 
ined with the copper, let the nitrogen be measured and ' 
ight cabic inches will be found. There -v 
r at first ; we have eight cubic inchea of nitrogen 
bther two inchea must have been osygen which the copper j 
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has taken away. The experiment tells ns, very plainly, that 
the air contains nitrogen and oxygen in the proportion of 
4 to 1 ; four fifths being nitrogen and one fifth oxygen. In 
100 cubic inches of air there are 80 cubic inches of nitrogen. 
These results are very near the truth, but not near enough 
to satisfy a chemist. Would you know the most exact re- 
sults ? Here they are : 

One hundred cubic inches of air contain of 

Oxygen, 20.8. 
Nitrogen, 79.2. 
What are the relative Tveights ? — ^When the gases are 
weighed instead of being measured the ratio is different 
One hundred ounces or other parts of air contain, of 

Oxygen, 23.0. 
Nitrogen, 77.0. 

But it is now time that we notice that oxygen and nitrogen 
are not the only substances contained in the atmpsphere. 
There are many other things in small quantities, almost too 
small to be compared with them, yet altogether too impor- 
tant to be forgotten or overlooked. 

WATEBr-VAPOR. 

HoTV do -we kno-w that air Contains Tvater-vapor ? 

— The ice- water pitcher in a summer day tells us that there 
is water in the air, by covering itself with drops like dew. 
The pitcher is' colder than the air and condenses the vapor 
into water upon its surface. 

The dew drops sparkling on the grass and flowers in the 
morning sunlight, are telling us the same story. The ground 
becomes colder than the air above it and condenses the vapor 
of the air to dew. 

The hoar frost is another evidence of the same kind* The 
vapor of the air, first coiKlensed into water by the cold 



WATEB-VAPOB. ' 47 

groond, grows colder and colder, until it is frozen and covers 
every object with a delicate garment of ice. 
Is this -water-vapor alwa3rs present in the air ? — 

This water-vapor is never absent. We cannot see it, yet the 
dryest air contains it. 

The dew cannot be seen long after it feels the sunshine ; 
what becomes of it ? It goes into the atmosphere and there 
it stays, during the sunshine, in the form of invisible vapor. 
Water is passing into vapor every moment from every river, 
lake and sea. This vapor cannot be seen ; it is a part of the 
invisible air. It makes its appearance only when cooled. 
It may then be seen, sometimes as fogs, sometimes as clouds, 
sometimes as dew-drops, sometimes as snow-flakes. 

How much of this vapor does air contain? — The 
quantity of this water-vapor in the air is all the time chang- 
ing. There is a certain amount which air may hold at any 
given temperature, and the only way to make it able to take 
any more i^ to heat it. 

But the atmosphere seldom has all that it might hold. At 
60® F. the quantity will be usually found between ^^ and 
7^^ of the bulk of i^e air. * 



CABBONIO DIOXIDE. 

How do we know that air contains anything beside 
oxygen, nitrogen and water-vapor ? — The air is able to 
do some things that neither oxygen, nitrogen nor water- vapor 
can. There must be something else in it. 

Lime water will most easily show us such an action. Lime 
irater is nothing but a clear solution of lime in water; it is as 
limpid as water itself. Not one of the three substances 
named, nor all of them together, can make any change in 
tbe appearance of lime water. But let a dish containing this 
I And be left quietly standing for a few hours, and a thin white 
wOI be seen upon the surface of the water. 
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What is this other substance in the air ?-^Now there 
is but one substance that will act upon lime water in this 
way ; it is carbonic dioxide. 

What firaotion of the air is carbonic dioxide ? — ^Some- 
times as much as yi^ of the air is carbonic dioxide ; at other 
times or places there may be no more than -y^^. Perhaps 
the average proportion may be -g-^^nr' 

So small a quantity as one cubic inch of this gas in twenty- 
five hundred cubic inches of air seems, at first thought, too 
small to be worthy of notice. It is not so. Small as it seems 
it is yet one of the most important substances in the atmos- ' 
phere. Plants cannot grow without it. It promotes the 
growth of plants as oxygen promotes that of animals. The 
vegetation of a fertile earth may constantly remind us of the 
vital importance of the minute proportion of the carbonic 
dioxide in the atmosphere. Let us learn more about this 
wonderful gas. 

IcLovr shaU -we obtain it for examination ? — ^Not from 
the air ; it is there in too small proportion. Marble contains 
it in large proportion and is ready to give it up when proper- 
ly asked for it. 

Let some small fragments of marble be put into a bottle 
such as may be seen at the right in Fig. 5. Let a little 
water be poured in upon them and then some hydrochloric 
acid. The acid attacks the marble ; a violent foaming in- 
stantly begins, and a stream of gas flows rapidly through the 
bent tube to be caught in the receiver at the left. This gas is 
carbonic dioxide, commonly called carbonic add, 

HoT^ can -we knovr it to be this gas ? — ^By placing a 
dish of lime water in a jar of this gas. It will not be long 
before the same kind of a white crust may be seen upon it as | 
was seen when the fluid had been exposed to air. 

Or let a stream of the gas bubble through the lime water, 
and behold, the fluid so clear before, quickly becomes" milky ** 
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everypart. We cannotseecarboiiicdioxide.bTitliiBe water 
alwaj's ready to tell ub whether it is present 




What are some of its properties ?^CarboDio dioside u 

*^' ^'-^ a colorless gas, so heavy that 

it may be [loaretl from t 
vessel to another almost liie 
water. 

See in the picture (Fig. 25) 
an esperiment with this gas. 
The vessel in the hand is full 
of it, and it is being poured 
down upon the small flamu of 
the taper hanging inside the 
other. It will fidl upon the 
flame liko water, aad yjiif it out. 
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IiCttrn from fliis that carbonic dioxide is mncli heavier iliari 
uir aiid that it will extinguish fire. 

What else \7iU it extinguish "i — 1Mb ] 'So nninial oan 
live where mach catbonic dioxide is found. (Fig, 24.) In 
Java there is a place called the VaJlfii/ of Death. In this low 



place this gas coUects in more than nsnal qaonlitieB, and it is 
eaid that the gronnd is strewed with the bonea of birds and 
beasts which perish by breathing it 

This gas eometimes collects in mines, and its effect Upon 
the miners may be partly judged by the name they give it ; 
tboy call it choke-damp. 

It is dangerous to descend into deep wells or pits of any 
kind without first finding out whether this poisonous sub- 
stance has collected there. But how shall wo find oat ? Noth- 
ing is eaeier. Just lower a hghted candle to the bottom. If 
it continues to bum freely, the gas cannot be largely present, 
but if it bo estinguisbed, so our lives would be. 

Will water dissolve carbonlo dloside ? — Suppose we 
have a bottle pai'tly filled with water and the part above th« 
water filled with this gas, and suppose that we cover the moath 
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of the botlle dosely with the band so that no air can get in and 
nothing can get out, and that we ehake the bottle violently. 
After the agitation will there be any change in its contents? 
We shall be able to txn none. But, after the fluid has become 
quiet, let ns take the hand suddenly away from the mouth of 
i bottle. Something will bo hmnl ; the sound will be 
caused by air rushing violently into the bottle where the car- 
txtnic dioxide was before. This gas has been taken away, 
else the air could not enter; what has become of it ? 

i esperimeut shows that carbonic dioxide is soluble in 

Ho-w much of this gas 'will -water diBsoIve ?— Not al- 
-ways the same proportion ; it depends upon the temperature 
and the pressure under which the solution takes place. The 
colder iho fluid the more gaa will be dissolved. The greater 
the pressure upon it tbo more gas water will receive. 

At ordinary temperature water may dissolve about Us own 
•volume of carbonic dioxide. A cubic inch of water, for ex- 
Buiple, may dissolve a cubic inch of the gas. 

But is there always _the same quantity of gaa in a cnbio 
inch at ordinary temperatures ? By no means. The real 
'quantity of a substance is represented by its volume. Put it 
cinder double pressure and there will be just twice as much 
gas by weight in a cubic inch, or imder ten times the pressure 
and there will be ten times as much in the same space. The 
weight of the gas in the cubic inch will be as the pressure. 
3ab the cubic inch of water at ordinary temperature will dis- 
soItb the cubic inch of gas, no matter how much by weight 
theremaj be in that volume. So that the weight of carbonio 
cUoxide which the water can dissolve at ordinary temporatiira 
■will be OS the pressure upon it. 

Is the solution of this gas to he fbund in nature ? — 
Carbonic dioxide is to be found in solution ahnost everywhere. 
Nearly all waters contain this gas, but the quantity in solution 
■ generally smalL But, on the other hand, it is sometimes 
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very greaf. Some epring 'waters contain bo much of this gas 
Uiat <m reaching the surface of the earth and being espoaed 
to the atmosphere they let it escape in bubbles. Many of the 
most noted mineral springs in the world are of this character, 
. Those of Seltz and Ems in Germany are famous, and, in our 
own country, those of 8arat<^a are noted for theu* health- 
giving qualities. The sparkhng and refreshing character ot 
these waters is due, very much, to the large proportion of 
carbonio dioxide which they hold in solution. 

What is soda water ? — The refi-eshing summer drijik 
known as " soda water " is nothing but common water hold- 
ing carbonic dioxide in solution. Iteol soda water contains 
I a little Boda in the solution with the gas, but that which ta bo 
well known as soda water often contains no soda. 

Water so highly charged with carbonic dioxide is some- 
times also called SeUzer water. The tme Seltzer water cornea 
; from the celebrated spring of this name and contains many 
other things beside carbonic dioxide in solution. These arti- 
Jicial waters are greatly inferior to those which the eartli 
pours out in such abundance from her own bosom. Yet 
they are wholesome and everywhere highly esteemed; on this 
account it is interesting to know something of their charac- 
ter and manufacture. 

The violent foaming of these waters, when drawn from the 
■"fbmitain," is dne^to the escape of carbonic dioxide gas 
vbich they have been made to dissolve by high pressure, but 
which they cannot hold when under only the pressure of the 
atmosphere. 

Hdvt have they been so highly charged "nrlth gas ? — 
3no form of apparatus by which soda or seltzer water la 
iiade is shown in the picture. Let us study it. 

See, at the left in the engraving, three vessels standing j 
apon a table. Into the first of these some laarble and i 

" 1 are put, by which the gas will be set fi'ee in largo quan- i 
jitiea By passing through the other two of these cylinders I 
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and then through the amaller vesael, to be seen above and a 
little toward tho right, the gas is thoroughly washed and 
made pure. The ptiri£ed gas next paBBes into a gasometer. 

Notice nest in the picturethe young man so laboriously turn- 
ing a large wheel. By taming this wheel he pumpa the gaa 
out from the bottom of the gasometer and forces it up with 
water into a globe-like reservoir. As more and more of the 
gas is pumped in, it becomes more and more compreaaed, and 
when the pressure has run up to as much as ten or twelve 
atmospheres the water is sufficiently " charged ' and may be 
drawn off into bottles. 

For this purpose a lead pipe leads the water over to the 
bottling stand. The picture shows bow the bottling is done. 
The bottle being fastened over the end of the pipe, a man 
holds it in one hand while ho opens a valve in the pipe with 
the other. The water instantly spouts into the bottle and 
fills it, The bottle is then tightly closed by a cork, (irmlf 
bound, and the seltzer water is ready for market. 

What IS the composition of carbonic dioxide ? — Tho 

following experiment will tell us what this gas is composed 
of. Let us have a jar filled with oxygen gas. Let us take a 
bit of well burned charcoal, fasten it to the end of a wire, set 
it on fire and then thrust it down into the oxygen. (Fig, 13.) 
A brilliant combustion iustantly begins, and the charcoal 
wastes oway until either it or the oxygen is exhausted. The 
Jar is still full of gas ; what is it ? Lower into it a lighted 
taper; the flame is instantly extinguished. Pour into it a lit- 
tle hmo water; it becomes milky at once. We are convinced 
that carbonic dioxide has been made in the experiment. 

But of wh&t ? Oxygen and charcoal ore the only things 
used; they have disappeared and in their stead we have car- 
bonic dioxide. Is it not very plain that this gaa is made up of 
these two substances ? But charcoal is one of the beat Si 
of what the obemifit calls carbon. 



THE ATKOSFOSim A HDLTDBE. 

"We thus loam that carbonio dioxide is composed of o^) 
and carbon. 

Is it a oompotmd of these t^ro things ?— To answer 
this question 'wo must remember that a compound is a Bub- 
etimoe whose properties are not the same as those of its con- 
stituects. It is easy to name properties of cai'booic dioxide 
which are very imlike those of either oxygon or carbon, and 
we must therefore call it a compoiind. 
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I 



What are the constiUients of the atmosphere ? — Ox- 
gen, nitrogen, water-vapor and carboiiiQ dioxide are the im- 
portant constituents of the atmosphere. "Wo need not now 
stoi> to notice several other suhstances which, though gener- J 
ally present, exist in onli/ minute proportions and which, sol 
far as we know, are of far ]osa importance. " 

Are the properties of the atmosphere like those of its 
cjonstituents? — ^The properties of the constituents of tho air 
..Are to bo easily detected in the atmosphere itself. Thus: 

Tha oxygen in tho atmosphere causes bodies to bum; it 
wotdd mako them bum with terrible vigor if the nitrogen 
were not present to check it: 

The nitrogen checks the combustion of bodies in air; it J 
woald extinguish it altogether if the oxygen were not pre»- 1 
ent: I 

The water-vapor in the atmosphere condenses to water by 
being cooled, just aa any other water-vapor will do: 

The carbonic dioside of the atmosphere makes lime water 
turbid just aa the same gas from marble will do. 

What is here particularly worthy of notice ? — A veiy | 
important faut It is this. The oxygen, nitrogen, water- fl 
■fopor and carbonic dioxide when together to make up the ■ 
atmosphere show tho eame properties as when they are sop- 
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nd of theaJ^H 



nrate. The atmosphere, then, is not a compoimd o 
Bubstanceg; it is a niirtnre of them. 

What then is a mixture ? — A mixture is a sabstancs ' 
made up of two or more others, each of which retiuns its 
characteristic properties. 

We sbonld be carefnl to see Tery clearly the differonco be- 
tween cbemicnl compoands and mistni^s. We have aaid that 
water is a compound ; we now say tliat air is a mixture. Why 
thia difierence in name ? In water, osygen and hydrogen 
are so combined that tbey bocomo a new thing in which their 
properties cannot be fonnd at all — a compound. In air, oxy- 
gen, nitrt^en and the others are bo mingled that they form a 
new thing in which their properties are preserved— a iniirt are. 
To produce a compound a cfiiemicfU chauge must occur ; to 
produce a mixture, only some phydcd change is needed. 

Axe the constituents of t^e atmosphere unifbrmly 
mixed ?— Air has been analyzed iniinj- times, and the relatiiJo 
proportions of its constituents are always very nearly the same. 
From the tops of mountains and from the low places of the 
earth, the mixture is found to contain all its constituents and 
in about the same relative quantities. This is a curious fact, 
ns we shall ene. 

Honr do the oonstituentB of air compare in weight ? 
— No two of the constituents of the atmosphere have equal 
weights when compared in eqiial balks. Carbonic dioxide is 
the heaviest ; nitrogen is the lightest Oxygen is much 
lighter than the first named and much heavier than the last. 

Would thia lead us to expect them to he uniformly 
mixed in the atmosphere ?— This difference in weight 
would lead us lo expect that the constituents of air would 
not be uniformly mixed. Let us see; Suppose that into a 
tall glass jar wo put some mercury, some watei- and some oil, 
and then that we shake them well together; would they stay 
uniformly mixed 1 No one would expect it A few minutes' 
quiet standing would spoil all the effects of the shaking. The 
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heavy meronry would set'ie to the bottom of the jar, the 
lighter water would form a layer above it, and the lightest of 
all, the oil, would lie npoD 
the top of the water. (Fig. 
28.) The attraction of gravi- 
tation is trying with all its 
power to pull the heaviest 
Hubstanoe to the lowest level. 
le it not a curious fact, then, 
that the heaviest carbonic 
dioJtide, the lighter oxygen, 
and the lightest nitrogen are 
nniformly mixed iu the at- 
mosphere ? Why are they 
not arranged in layers with 

the lightest at the top ? 

^^V-°"-;-'-^-^---rrS£^ Why do they remain 

unifiwmly mixed ?— Espe- 
riments have shown that 
gases in contact with each other cannot be kept separate. 

mi the lower half of a tall jar with heavy carbonic dioxide, 
and the npper half with hydrogen, which, we must remem- 
ber, ia the lightest of all gases. Let the jar be tightly closed 
and allowed to stand for a while at rest. It will then be found 
that the two gases are thoroughly mixed throughout the jar. 
The heavy carbonic dioside has gone up and the light hydrogen 
has gone down ! They have disobeyed the law of gravitation 
in order to mix with each other. 

What Is this aotion called ? — This mingling of gases 
when they are simply brought iu contact with each other ia 
called the diffimon of gases. 

The attraction of gravitation would arrange the gases of 
the atmosphef e in layers, but the principle of diff'usion re- 
quires that they shall be auilormly mingled in every part 



THE ATHOBPHEHB. 



OOHBDBTION. 



1 



Combustion ia ono of the most common and nsefol phe- 
nomena in every-day life. But what is combustion ? Whatia 
the fire that wamiB us ; what is the flame that gives ns light ? 
Fire, the ancients thought to bo an clement; they know noth- 
ing of itB nature. Fire, chemists now toil us, bos no mat«rinl 
exiatenc& But the story is along one; let ub begin it 
trying an experiment. 



I 




Describe the experiment shown in Fig, 29. — Hydro- 
gen gas is set free in the bottle seen at the left iu the picture. 
It passes over through the bent tube to the bottom of a tall 
upright jar. This jar contains some calcic chloride, a sab- 
stance which cares nothing for hydrogen but which has a Teiy 
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strong atixactioJi for water. The gas, passing ont at the top 
oi the jar, -mUlhe thoroughly dry. Finally the hydrogen issues 
from the other end of the bent tabe reaching from the top of 
the drying-jar, and is set on fire. A cold glass vessel is ilien 
bronght down over the flame of bnming hydrogen. 

What is the result ? Instantly the walls of tiie cold vessel 
are dimmed with dew ! The dew rapidly accomnlates and 
collects into little globules. The little globules, grown larger 
and larger, at length trickle down the sloping sides of the 
vessel and slowly drop from its mouth. 

What does this expeiiment teach?— This experiment 
tells us that the burning of hydrogen is simply the chemical 
union of this gas wiih oxygen. 

How does it teach us this ? In this way: It shoios us that 
water is produced by burning hydrogen in air. We knowy 
already, that water consists of hydrogen and oxygen; and 
now, if we put together what we see, and what we know already ^ 
we must say that burning hydrogen is hydrogen which is com- 
bining with oxygen. 

Where does it get this os^gen -with vrhich it forms 
Tauter ? — ^The answer is ready. The air furnishes it But if 
the air is giving up its oxygen to the flame, its nitrogen must 
be left behind. Nitrogen jtakes no part in producing the 
flame. 

What occurs '^hen carbon bums ? — When a piece of 
charcoal bums in air it very gradually wastes away and car- 
bonic dioxide is formed. Now carbonic dioxide is a com- 
pound of carbon and oxygen, so the charcoal, in burning, 
must have taken the oxygen from the air. The combustion 
of charcoal seems to be nothing more than the chemical action 
of carbon and oxygen. 

Of -^hat do most ftiels consist ? — ^Now carbon and 
hydrogen are the chief constituents of nearly all kinds of 
fuel. When a fuel bums, the oxygen of the air acts upon 
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tiiese two BobsUnces very mach in the same way as it doee 
vhen tbey are not combined. 

What then takes place "when a oandle hums ? — The 
wax of the candle is a compound of hydrogen and oxygen. 
The heat decompoaes it, and then the hydrogen and the car- 
bon separately bum. 

_ What, then, will be produced ? Is it not Teiy easy to tell, 
knowing what we have jost learned ? When hydn^en bums, 
water is formedj and when carbon bnms, carbonic dioxide 
is formed. Water and carbonic dioxide most be produced 
by the burning candle. 

One thing more ought to be noticed. The air, giving its 
oxygen to the flame, is left with less of it and more of nitrogen, 
and if the burning could go on in a limited supply of air long 
enough, the oxygen would be exhausted and the flame would 
be compelled to die. 

Can these fhots be proved hy experiment ? — Let us 
now see whether a burning candle does, actually, take .oxygen, 
form water and carbonic dioxide, and finally expire, as \re 
have argued that it will. 

We will take a candle, set its Fig. su. 

wick on fire and stand it upon 
a plate, and then invert a glass 
jar over it. (Fig. 30.) The 
candle is now bnmiDg in a 
limited supply of air, and what- 
ever is formed will stay in the 
jar. The fiame soon begins 
to lessen; dimmer and more 
dim it becomes, when, while we 
still look at it, it expires alto- 
gether. 

Now notice; the ddes of the jar are covered with mmdure. 
The flame has given ne water, as we thought it would. 

Let us pour a httle lime water into the jar; it becomes tor- 
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bid at once, showing that carbonic dioxide is also formed. 
In all respects the experiment has fulfilled oar prediction. 

Do the same things^our in other oases of oombus- 
tdon? — The candle fiame teaches what takes place in all 
ordinary cases of fire. 

When wood bums, it is decomposed. Its carbon and its 
hydrogen take oxygen from the air and form carbonic dioxide 
and water-vapor; and could the smoke, passing up chimney, 
be tested, these two substances would always be found in it. 

In lighting a gas jet *^hat does the heat of the match 

do ? — A jet of gas, as that from a chandelier for example, es- 
caping into the air, shows no signs of " taking fire," but touch 
it with a match-fiame, and it instantly springs into vivid com- 
bustion. What has the match done ? It has simply heated 
the gas. Illuminating gas will not bum until it has a temper- 
ature of about 1000° F., and when the fire of the match has 
heated the jet up to this temperature it bursts into fiame. 

What is this temperature called ? — Tlie temperature at 
which a substance begins to burn in air is called its " kin- 
dling point" The kindling point of most of our ordinary fuels 
is about 1000° F., but some other things begin to burn at a 
much lower temperature. Phosphorus, for example, whose 
brilliant combustion in oxygejji gas we cannot forget, kiadles 
at a temperature little higher than that of our fingers when 
we handle it. 

The kindling point of a substance is the temperature at 
which it may begin to bum. 

In lighting a gas jet the match-fiame is needed only to 
heat it up to its kindling point. 

In lighting a spirit lamp -^hat does the heat of the 
match do? — Let the wick of an alcohol lamp be uncovered ; 
no signs of fiame are to be seen, but let a match-fiame touch 
it, and very quickly a fiame appears. Now the wick, to begin 
with, is wet with the liquid alcohoL The heat of the match 
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changes this liquid into vapor, and then quickly heais this vapor 
up to Us kindling point. When this double work is done the 
flame appears. 

The alcohol is in the gaseous foUn before it bums with a 
flame. 

In lighting a candle "what does the heat of the match 
do? — ^We will suppose, next, that we have a candle which has 
been lighted and partly burned on some previous occasion. 
Its wick is saturated with cold and solid wax. We touch it 
with a match-flama We notice that it takes more time to 
Are it than it does a spirit lamp or a gas jet. The match has 
more work to do. It first melts the wax ; it next changes it into 
vapor ; and then, finally, it heats the vapor up to its kindling 
point. All this threefold work being done the candle flame 
appears. The wax is in the form of gas when it burns with 
flame. 

In what condition must a ftiel be to bum -with a 
flame ? — The wax of the candle, and the alcohol of the lamp, 
are changed into gases before any flame is seen. Whatever 
burns with ajlame mu^t be, at that moment, in a gaseous state. 

Why does •wood bum -with flame ? — ^Wood bums with 
flame because there are substances in it which the heat of the 
fire can change into gases. . The burning of these gases, and 
not of the soHd wood, gives the beautiful blaze which, in an 
open fire-place — now, alas I too rare — so cheerfully warms and 
lights the sitting-room, however cold and dark the winter 
evening may be. 

Why does hard coal bum -without flame ? — ^Hard coal 
is made up almost entirely of solid carbon, which no furnace 
heat can change into gas. As there are no gases first made 
by the heat^ so there can be no flame produced in the burn- 
ing. 

The heat by which our houses are warmed and the light by 
which they are illuminated are, let us remember, produced 
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by combustion. We cannot describe tlio condition of man- 
kind, na it would be, if iirlificiitl beat and Ijgbt conld not be 
obtained. AH tbe comforts of Ufe, if not the continuance of 
life iteelf, are dne to tbe influence of artificial beat and light. 
The chemistrj- of flame is too important a sobject to leave be- 
fore we have leaniGd moro abont the production of beat and 
light Let us begiu by studying the hottest flame that we 
can get. 

What is the hottest kind of flame ? — ^Tho hottest kind 
of flame ia called the oxy-hydrogen Jiame. It has thia name 
becanse it is produced by the burning of o^gen and hydro- 
gen gases. 

This flame is so hot that 
^^•^'- if we hold the end of a 

steel watch-spring in it, the 
spring will bum almost as 
fast as a Ihread of cotton 
will bum when held in a 
lamp flame, throwing ofl', at 
the Bame time, a host of 
the most brilliant star-like 
sparks and a blinding light. 
Platinum, a metal almost 
as precious as gold, will 
not melt in a furnace, but 
yields when attacked by 
the furious oxy-bydrogen 

The picture will teach us 
bow this intense flame is 
produced, and at the same 
time show us how it has 
been used to melt platinum. 
How is the oxy-hydrogen flame produced ? — The two 
jftses aie brought in separate tabes, shown at the left in the cut 
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to what is called the blow-pipe. This is made by putting one 
metallic tnbe right inside another larger one ; see it repre- 
sented, vertically, at the top of the picture. The oxygen 
flows through the inside tube, the hydrogen through the out- 
side tube, and both come out at the end of the jet together. 
Then they are set on fire and, their flame is the well known 
oxy-hydrogen flame. 

Hovr is it used to melt platiniun ? — The platinum to be 
melted is put into a vessel made of quickhme, (see it in the 
centre of the picture,) and this crucible, as it is called, is put 
into a sort of furnace with thick walls of lime. The oxy- 
hydrogen jet is put through a hole in the top of this furnace, 
and the flame wraps the little crucible in the most intense 
heat. The platinum quickly gives up to it and may then be 
run into moulds. 

Is there anything peculiar about this flame? — ^The 
oxy-hydrogen flame is not like common flames. Let us par- 
ticularly notice one difference. The burning gases are thorough- 
ly mixed together in this flame; this is not the case in common 
flames. When the gases are thoroughly mixed they can 
unite much faster than when they are not. Now th^ intensity 
of the heal in a flame depends on the rapidity of the combustion. 
This is one reason why the oxy-hydrogen flame is so intense- 
ly hot. 

But vrhat of its light ? — ^Its light is more feeble than that 
of an old fashioned candle ! This flame, so valuable for heat^ 
is entirely useless for light. 

What may .-we do to make it give light ? — ^Let a piece 
of quicklime be held in this hot, but almost lightless flame, 
and, lo ! a most dazzling light springs from it. This light, 
with one exception, is the most powerful light that can be 
made by artificial means. It has several names. It is called 
the lim£ lighJt because it is glowing lime that shines. It is 
called the oxy-hydrogen light because the oxy-hydrogen flame 
heats the glowing lime. It is called the Drummond lights 
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sometimes, becanse it was firsii made by a man by the name 
of Dnimmond. 

Vliat two things may we notioe about this light ?— 
Let us notic-e that to produce this light there iB,Jird, the in- 
tenae heat of the oxy-hjdrogen flame, and, neoond, a, substance, 
ILme, which the heat cannot vaporize nor melt. 

The heat of the flame mates the lime white-hot, and it glows 
with a blinding light. Many other things might be need in 
place of the lime with the same result 

■Whenever thia condition can be secured in flame, the flame 
will be n hght-giving flame. Let as see how it is seenred 
in the flame of a candle. 

Is there anything in the oandle flame which heat 
c^annot melt ?— The wax of which tho candle ia made con- 
tains hydrogen and carbon, and we hare already noticed that 
these things taie oxygen separately when the candle bnrus. 
Now there are two curious facts about thia The first is tiiat 
ivhen hydrogen and carbon are ofiisred to oxygen at the same 
time, the oxygen will take the hydrogen first; the second is 
that carbon is a substance ivhich no heal can virJl. 

la it the carbon which shines in the candle flame ? — 
These two curions facts help us to see how the light of the 
candle is produced. The vapor of the wax is decomposed 
into hydrogen and carbon. The oxygen of the air fii'st takes 
hydrogen and their union givca great hcat^ The parlides of 
carbon are made white-hot by this heat and shine with a bright 
bght. 

nien what becomes of these solidparticlesT—Another 
curious fact must now be noticed. When the carbon particles 
become very hot the oxygen has a strong attraction for them 
OS weU as for those of hydrogen, and will combine with them 
to make carbonic dioxide. 

So in the candle flame the carbon particles heated white- 
hot shine for a momml only, and are then seized by the oxy- 
gen, changed into carbonic dioxide and rendered invisible. 
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while a new set mstantly tnkes their places. Thns ench par- 
ticle shjneii but on instant, yet the light of the candle con- 

tinuea (See Text-book of CHEMKrav, p. 109.) 

What is the dark centre of a candle flame ? — We have 

all noticed the dark centre of a candle flume, and have some- 
times wondered, perhaps, why there should be this darkness 
in the midst of its light. Jnst remember what has been 
learned abont the flame being a jet of burning gas, of let os 
go back even further than that and start our explanation 
with wax itself. 

Kg. 33. Well, first, we have in the burning candle 

a little cup of melted wax at the top. This 
liquid rises among the pores of the wick up 
to the flame and is there changei into gas, 
and this gas rises, as a sort of jet, into the air. 
But touching this gas jet, on all sides, is the 
oxygen of the air, and where the gna and the 
oxygen are together, there the burning goes 

But where are they together ?-— Only 

around llm oviside cf the f/as jet, rising from 
the wick.' There is no oxygen in the centre 
^of the flame and so there can be no burning 
ig on there. The dark space around the 
wick is fiUed with hot gas without oxygen. 
There is no combustion in there. Hold a 
piece of white paper across the flame a mo- 
ment and see (Fig. 33) that it will not be 
burned in the centre. 
Where does the oombustion take place ? — The paper 
is burned in the shape of a ring. The combustion goes on all 
around the outside surface of the gas jet, in what appears the 
luminous part of the flame. How unUko the ac 
heat- flame I 





Wherein does this diflfer from what goes on In a heat- 
flame t — lu a hcat-tlame tlie combuation ifl going ou in every 
part of tbo gas jet; 
*^' **■ in this light-flama the 

combostion goes uq on- 
ly upon the snriace. 

To produce heat to 
the best advantage, the 
air or oxygen most be 
mixed with the burning 
gas ; to produce light 
to the beat advantage 
the ale or oxygen must 
only be allowed to come in contact icitfi the miface of the burn- 
ing gas Jet. 

Why IB a flat wick better than a round one in the 
lamp ?— The gas rising from a flat wick will be spread out 
into a sort of sheet, and have a larger surface than if tha 
■wick were round. Tliis leta a large amount of air come in 
contact with the gas, and the light is much increased. 

This illiietrates the important principle which is kept in 
view in the making of lamps for illuminating our dwellings. 

What is the principle? Obtain a fuU supply t^ air in con- 
tact viith as large, a svr/are of the burning gas as possible. 

To do this, the burner of a chandelier is made bo as to 
spread the Olnminating gas out into a wide fan-ishapcd sheet. 
The Argand burner does the same thing in another way. 
Its wick ia cylindrical and air is made to pass through the in- 
side of it. The inside and the outside together form a large 
Borface. By using a chimney a " draught " is made by which 
■very much more air than otherwise would, ia made to pass 
over the enrfaoe of the flame. 

By securing a large surface and a full supply of air to the 
flame the beat light will be produced. 
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RESPIRATION. 



Without air no life exists. Animals and plants need 
the gases of the atmosphere as much as they need food and 
soil. Without food an animal starves; without air its death 
would come still more quickly. Pluck its roots from the 
soil and a plant withers and dies; give it the most fertile 
soil bat take away the air and its death is just as certain. 

Animals and plants are able to take the air into their 
bodies and then to throw it out again. This act is called 
respiration. Let us now study the respiration of men and 
animals. 

What is taken into the lungs ? — ^We breathe the air, but 
the air is a mixture of nitrogen, oxygen, water-vapor and 
carbonic dioxide, with very minute quantities of some other 
gases. These, then, are the things that enter the lungs. 

What is thrown out of the lungs ? To answer this question 
let us make experiments. 

How shall Tve ohovr that water- vapor is exhaled ? — 
Let us take a very dry and clean glass jar, and breathe into it; 
its walls are at once covered with dew. Hence water- vapor is 
thrown out in the breath. 

Indeed we have seen what would teach us this, a hundred 
times, no doubt. In a cold winter morning every breath 
looks like a cloud of steam. We see the moisture of the 
breath at such times, but, really, there is no more present 
then than at other times. The cold air condenses it and 
makes it visible. 

HoTV may we shoTV that carbonio dioxide is ex- 
haled ? — ^Let us take a glass tube or a straw, and, with one 
end in the mouth and the other in a goblet of lime water, let 
us make our breath bubble through the transparent liquid. 
It is transparent no longer; it is almost as white as milk. 
What is the meaning of this ? The lime water tells us that 
carbonic dioxide is thrown out with the breath. 



REaPlBATION, 




In the first place there is a glass jar fiill of air standing in 
a vessel of water. In the second place there is a tall jar 
itaining cau^io potash connected with the top of this air-jar. 
In tho third place there is he who breathes this air, with his 
lips at the end of a tube from the top of the potash jar. The 
in the jar may be drawn into the lungs and then returned 
to the jar. This is to be done two or three tianes. In going 
back and forth between the jar and the lips, the air must 
each time pasa over tho canstic potash in tho tube. This 
potash has a strong attraction for water, and for carbonic 
dioxide too, so what will this potash do but take all of both 
these things oiit of the breath. And yet there ia found to be a 
very large quantity of gas left in the jar. 

Now wliat gas ia this ? A lighted taper will tell us, if we 
open the jar and sink the flamo into it The flame goes ont 
at once, showiog that the gas is nitrogen. 

See then bow wonderfully the air we breathe is changed 
dniing the little tune it stays in the lungs ! liet as male 
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this change still more distinctly known by bringing the two 
conditions of the air in stronger contrast. 

What enters the lungs f What is thrown out from them f 

Much nitrogen. Much nitrogen. 

Much oxygen. Little oxygen. 

Little water-vapor. Much water-vapor. 

Little carbonic dioxide. Much carbonic dioxide. 

What '±Len is taken out of the air? — ^Much oxygen 
enters; little comes out. The oxygen of the air is being used 
up in the process of breathing. 

What is produced ?7-Little water-vapor enters; much 
more comes out. This excess must be produced in the body. 
So, also, little carbonic dioxide enters, but much returns, and 
we must say that this substance is produced in the body. 

Can "vro Jiovr see "what becomes of the oxygen 
"^hich is taken frora the air ? — ^Now water cannot be pro- 
duced without oxygen ; nor can carbonic dioxide. We find 
that the oxygen of the air is gone and that these other things 
have taken its place. Is it not very natural to say that the 
oxygen has been used up in making the water-vapor and 
carbonic dioxide, which are formed ? 

This accounts for the disappearance of the oxygen, but 
there is something more to be noticed. Hydrogen and carbon 
are also needed in order to produce water and carbonic 
dioxide. 

Where do the hydrogen and carbon come from ? — 
They cannot come from the air that enters the body ; they 
must be furnished by the body itself There is no other 
source. 

In vrhat part of the body does the oxygen find them ? 
— ^Not in the lungs alone do the oxygen, hydrogen and car- 
bon meet. They are meeting, molecule with molecule, in 
every part of the entire body. 



How is this tiToug^ht al>out ? — It is a most wonderful 
action, auJ we taniiot iinw esplnin it all. The Btudy of pliy- 
- siology will mako it plainer, but the following ore eoiae of tlie 
facta : 

The air goes ioto the lung, and its oxygen passes through 
the pores of the delicate membrane, of which the lung is made, 
info the blood. "With the blood, as it goes from the lungs, thia 
oxygim is carried t'o every part of the whole body. It ia 
while ill the blood, going from place to place, that the oxygen 
meets the hydrogen and the carbon. 

But how oame they in the blood ?— Every part of our 
bodies is constantly wearing out. Ton cannot move a finger 
without some of its particles being worn away ! Yon cannoi 
atep witboTit some of the particles of the lizabs being wontiJ 
out. Every breath, every motion, every thought, renders 
useless some portions of the parts of the body which ore act- 
ing at the tima 

These worn-out particles are all the time going into the blood 
that flows along where they are. They coneist chiefly of 
hydrogen and carbon, and it is from these worn-out particles 
of our bodies that the oxygen gets hydrogen and carbon to 
form the wat-er-vapor and the carbonic dioxide which are 
thrown out at every breath. 

Is this process important ? — Life itself depends upon 
this process- These waste particles are the impurities of the 
blood, and they must be taken out or death wiU quickly come. 
As long as oxygen is regularly supplied to the lungs it will 
change these impurities into water and carbonic dioxide, and, 
in these forms, they wUl be thrown out iu the breath. 

Are' these the only substances exhaled ?— These two 
substances seem to be the most abundant substances thrown 
out in the breath, but they are by no means the only ones. 
Many other impiuities are exhaled at the same time. Some- 
of these are very offensive, and all of them are very injurious 
to health if taken again into the lungs. 
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In what way Is air being Bpoiled by breathing ? — 

Every breath takes oxygen from the air, bat oxygen is tha 
only thing in air that can purify the blood. By the loea of 
its oxygen the air is being siioiled, Ouce breathed, it is, on 
this accoant, unfit to be breathed again. 

Is it spoiled in any other way ? — This is only one way, 
and thnt not the worst, in which theAct of breathing spoils 
the air. Every breath ia polluting all the air into which it is 
thrown, with the impanties of the blood. Air without its 
oxygen would not ba poisonous nor filthy, but air with tlie 
abundant impurities thrown into it with the breath is both 
poisonous and filthy. Were the impurities of air, which has 
been breathed, to be Been, we would shun such atmosphere 
as we now shun the water of a stagnant pool. Ought we to 
shun it less because they are invisible? 

What then eeems to be necessajy? — It must be 
necessary to change the air in (he rooms of uiir houses very 
often and very thoroughly, in order to avoid being poisoned 
by our own breath and that of others. 

The removal of foul air and the introduction of that which 
is pure is called ventUalion. Every room in which hnmaQ 
beings are expected to Uve, ought to have some means of 
ventilation. 

Has experience shown this to he true ? — Onr chemis- 
try teaches us these facts, but chemieti-y is not left to do this 
alone. It is aided by some of the most awful experiences. 
Bead: 

Sometime more than a hundred years ago it happened that, 
in Calcutta, one hundred and forty-six persons were shut up 
for a night in a small room called the Black Hole. At dawn 
of day only twenty-three remained ahve. 

The passengers on board a ship were all crowded into the 
cabin, one stormy night. One hundred and fifty went in, 
but only eighty came out aUve. 

Examples of less gainful kind ore muca more common. A 
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Rcbool-coom ia anTcntilated ; tbe pupils become liatlesa and ' 
dull from tho influence of boJ air. A church or hall id 
ventilated, and a large audience becomes laugnid and sleepy. 
A bed-room has ite door and wiudowa tightly shut ; the 
sleeper awakes in the morning unrested and with headache. 

B the effects of breathing air which Las already 
been breathed before. Every boy and girl should know this 
fact and remember it. 

Hcrar may a room be ventilated ? — Two openings ought 
to be provided in every inhabited room. One of these should 
be near the top, the other near the bottom. 

Out of one of these openings, foul air may escape ; fresh 
air may come into the room through the other. 

If the builder of the house has not made openings for this 
purpose, then the windows and doors may be used. A win- 
dow let down a little from the top, and raided a little from 
the botiom, gives two openings which will answer tho purpose. 

Shall this he done at night ? — It should be done both 
night and day. The fear of " night air," which is very com- 
mon, is very groundless. One who understands such things 
" An open window, most nights in the year, can hvirt 
. In great cities, night air is the best and purest to be 
bad in twenty-four hours." let us have the pore air in our 
sleeping- room a as well as in our parhira. 

There need be no current of air strong enough to be fdL 
Iiet the openings be mado so as to avoid making such a cur- 
rent, or " draught," as it is usually callciL 

In mansions, churches and capitols there is some special 
means of ventilation almost always provided. We will not 
try to explain these contrivances now. 

Do plants breathe ? — Plants are living things and the 

r is their " breath of life." They take air into themselves 

and throw it back into the atmosphere again. This is a kind 

of respiration. It is not done jost aa animals do it. It is in- 
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deed a very difierent action from the breathing of nn fmimoL 
The phint is biiilt on a different plan from that of au animal, 
and 80 its respiration mnst be done in a different way. 

la -what part of the plant doea the action oocor ? — 
It takes place in the leaves. The leuves are curioiisly made, 
BO that they may do it. Look at one with a good microscope 
and we can see that its surface Is not as Ginooth and even 
as -we had thought. AU over it we behold little por^j;. What 
a multitude ! A thousand in the small space of a sqnare 
inch ! But the number is as Bmall as this only in some cases. 
In some other cases there are not less than one hundred and 
seventy thousand to the square inch I 

!Each one of these pores is a little mouth. Think of the 
immense number of months a large tree must have. Into 
some of these, portions of the nir are all the day passing, 
while out of the rest it is being exhaled. 

Into "w^hat pores does the air enter?— The httle months 
on the undiT utile of the leaf are the ones which are chiefly 
engaged in taking the air in, while from those on the upper 
side the gases are thrown out 

"What part of the air is needed by plants ?— 14 ia the 
water-vapor and the carbonic dioxide of the air which the 
plant needs. It must have these substances, else it dies. 
The oxygen of the air is of no use to the plant, but water- 
vapor and carbonic dioxide are all the time being used up 
by it. 

What chfinge ooours in the oarhonic dioxide 'while 
in the leaf? — While in the leaf the carbonic dioxide is de- 
composed. Its carbon stays to help build up the growing 
plant, but its oxygen is thrown out into the atmosphere. 

Does this decomposition go on all the time ?~While 
the sun shines this action goes on. In the dark it doea not. 
At night carbonic dioxide comes out as it enters. The del- 
icate sunbeam enables the leaf to break up this stable com- 
pound and take the carbon into its own substance. 




to lU cuiiuus fimt so valu- 
able fur iuod tu the natives of Tahiti. 

trees are not hreud trees let the vegetation 'which,! 
omamentB the eaith is at the same time the isource of all th^W 
jQonrishineiit of its mliahitaiits Subalances useful m the I 
arts are hkewise obtained from trees so too aie some of the | 
inoat terrible puisoiis 

Str^chuine ie the poisouuus eubstimce in the deadly vpas. 
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DeBorilje an easy expetimeDt. — Take a splmt« 

wood ; let it lio about as large aa a oummon match, 
one end of it down u conaiderftblfj distance into the chimn^^ 
of a lamp. The wood Will be qmckly scorched but not set 
on fire. It will be scorched because it is in a very hot place, 
but it canuot burn freely because the chimney is filled with 
the products of the combustion of the lamp-wick and gJTCB 
too little oxygen to produce a. flame. 

What is the result ? — If we examine the scorched stick 
after the exijeriracut,, we find that it is no longer wood. It ia 
blackened to its centre ; it ia nothing now, but coaL 

What does this experiment teach us ? — Now coal ia 
chiefly carbon, and this ciubon must have been in the stick 
before it was scorched. The heat drives some things away 
into the air ; we see them going off as smoke, but it lias left 
the carbon. Tlie experiment thus teaches that ccerhon is a 
conetUueiil vfnwnl. 

What are its other constituents ? — To find out what 
elements, besides carbon, are in the wood is more difficult. 
Indeed we need not now puzzle ourselves with the experi- 
ments by which chemists have determined what they ore. 
The analysia has been made many times, ond it is easy to re- 
member the results. Besides carbon, as the experiments have 
proved, the great bulk of wood consists of hydrogen and orygea. 

Is all vrood made of these three elements? — .ill kinds 
of wood are alike in this respect. Carbon, hydrogen and 
oxygen are the chief constituents of all, no matter how unlike 
in appearance the different varieties of wood may be. 

What hesldes wood consists of these three elements 7 
— These elements are the oonstitueuts, nut only of wood, bnt 
also of iwTij kind (f vi'getablmiiatli:i: Every blade of gross, 
every stalk of grain, every leaf and flower consists chiefly of 
carbon, hydrogen and oxygen ! 

Are these the only elements in plants ?^^Plauta do 
indeed contain other elements than theiio. Nih-ogen is fuond 



in them ; in email quaotities to bo sure, but it mast not be 
forgotteu, because it is one of the moat important elements 
in the vegetable food of animals. 

Beaidefi nitrogen there are eeveral other elements in minute 
quantities vhich with carbon, hydrogen and oxygen enter 
into tlie composition of plants. 

Ho'^;^ large a part of the plant consists of carbon, 
hydrogen, oxygen and nitrogen ? — When wood or anj 
other vegetable matter in burned these four elements disap- 
pear and Dothing hut a little aah remuins ; but this asU con- 
tains all the other elements of the substance burned. How 
small the quantity ! It seldom amounts to one tenth of the 
whole. In every 100 pounds of vegetable matter, from 90 to 
97 pounds are made up of carbon, hydrogen, oxygen and 
nitrogen 1 

yVe have already learned many things about hydrogen, 
oxygen and nitrogen, but it is now time to know more than 
we have yet learned about the other important element of 
plants. 

CAEBON. 

Sxplain how carbon cornea to be in plants. — Carbonic 
dioxide is one of the moat important substances hi the food 
of plants. But the oxygen of this substance is of no use to 
them ; it gets enough of that fi-om other sources ; it is the 
carbon which is useful. Now every leaf of a growing plant 
is drinking in the carbonic dioxide of the air which passes over 
it. This we learn when studying the subject of respiration. 
While in the leaf this substance is decomposed ; its oxygen 
is eshaled but its carbon remains to enter into combination 
OS a part of the body of the planL 

How is it obtained in the form of oharooal ?— This 
carbuD, which the plant has taken from the atmosphere, and 
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nleo the litUe ^rhich it mny Iiave taken np throngb itB rooia, 
is obtained without inucli difBctilly for use ii\ the arts, and 
WQ ore ncquiunted with it under the name of cbarcoa]. 

P,^ ,. Ths charcoal ma- 

ker piles up his sticks 
of wood in the form 
of ft mound (fig. 37) 
and covers the whole 
with dii-t und turt 
He leaves a few smaU 
holes for a little uir 
to enter the pile at 
the bottom nnd another at the top for the smoke to es- 
cape, and in thia way a half smothered burning (Fig. 38 ) 
is kept up for a long time- 
Now wbat change occurs? Avery simple one. The wood 
18 decomposed. Its gaseoas constituents are driven away 
by the heat, but iU solid cai'bon is left behind- Not all of it, 
to be snre, for a little of it unites with osygen and flies away 
as carbonic dioxide. But that whiiJi is lust in this way is 
vory'little compared with the charcoal left 

What ohan^e in the appearanoe of the -wood ? — In 
appearance the wood only seemQ to have changeil in color. 
It is black. Every part abke, no matter what may have been 
its color before, is black. " 

In other things it looks like the wood which gave it to na. 
There is the bark with all its knotty rouglmess. There are 
the annual rings of wood, inside the balk, to be plainly 
counted still, and, if we look through a microscope, there are 
the debcate ceUs, which the microscope could have bhown ua 
in the wood before it was burned. Let na lift it and it is easj 
to feel that the wood has lost much of its weight, but really 
it is not easy to see that it has lost much of its size ; the stick 
of charcoal is very nearly as large us the stick of vifiod before 
buniiug. 



Why does charcoal sho-w the same fbrm as the 
'WX>od? — All this obatinate resistance to any apparent change, 
but those of color and weight, is due ta Lkie iact that carbon . 




li be melted. The moat powerfnl heat of the fnmace can- 
Inob even soften carbon. Thpre is no heat known that is 
iBtrong enough to melt it, Whatevnr else is present iu tho 
' wood can be driven away by heat, but the carbon cannot be 
' moved. It stays jnst where it- wns, in every part, and so the 
delicate cell walla of the wond do not mn together a3 they 
[ woald need to do if they were made of a substance that 
I contd be melted. In spite of the fire every part of the wood 
I retsias ita shape. 

The property which prevents a aubstonco from melting is 
\ oldled infitsibilUi/. Carbon is infimible. 
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Can 'wuter or other liquids aflbct carbon? — It iaH 
cnrek'ss about the action of liquids as it is nhout that of t 
Let as plunge a piece of charcoal into water. Years aftei^ 
ward, if left so long, the coal will be found tu be as perfect as 
eTer. Let ue put it into mora corrosive liquids, will it wanto 
Biray? Not in 4.he least degree. Xiiquids coonot attack it. 
Carbon is insoluble. 

Ho^ does oharooal act upon gases? — Charcoal is very 
porona and it has a cnrioos power of filling all its little cells 
with gases. Let a piece of freshly burned charcoal be stink 
into a Yessel of oxygen gas and it will at oqcb begin to sack 
Has gas into every pore, and will not etop until a large quau- 
tity ia absorbed. A little block, one cubic inch in bulk, may 
be able to absorbe as many as nine cubic inches of oxygen^ 
a quantity nine times as large as itself. Is this at all sur- 
prising? What, then, shall we say to the more wonderful 
fact that the cubic inch cf charcoal is able to absorb about 
ntnet]/ cnbic inches of ammonia gas and hold it bound, a 
prisoner in its cells! 

Is this po^vBT of charcoal of any use in the arts ? — 
This remarkable power of charcoal makes it very useful in 
hospitals and other places where ofiensive odors ore to be 
found. It will absorb thn bad gases and thus purify the air. 

Even animal substances, when decaying, lose their power 
to offend us by their odor, if covered with a layer of { 
charcoaL The decay will go on but the odor will be lost^ 

In -what ibzms besides oharcwal is carbon o 

— Charcoal is only ono of the many forms of carbon, 
other element wears bo many faces. Among those : 
nearly like charcoal we may mention now the hard coal, wlu 
is taken from mines for fuel ; coke, the black and porooa 9 
left iu the retorts of gas-works ; bone-blach, obtiuned by Ii 
ing bones in dose vessels ; mw', to bo found in chimneys, i 
lamp-blact, so much used in painting. All these would^l 



I very iniercstiiig to eta^y, liad wo time to do it, bat only om 
I of tliem, lamp-black, shall Btop ua for a monient no 

How is lamp-blact 
made? In a tiiinple 
way. Some pitch or 
tar ia put into on 
iron pot (Fig. 39) 
and caased to boil. 
A dense black smoka 
ri&ea from it, and la 
curried over into a 
large tbamber. The 
blackne'j'5 of these 
fumes 13 duo to mul- 
titudes of fine parti- 
cles of carbon. These 
particles collect on 
the mside of this 
chamber and maybe 
afterward taken out 
m large quantities aa 
a fine block powder. 
This 18 lamp-black. 
"What is tbia fine carbon powder or laiup-black good for ? 
For many purposea; but there ia one use more interesting 
than the rest. Look at this word 2>rinted in hea^y characters 
— Lamp-black. How black its letters are I Wliy are 
Ihey 80 ? Because they are made of lamp-black. Printing 
irUe ia a mixture of lamp-black and oil. Every prin'tod mark 
■upon this page ia a thin layer of carbon clinging tightly to 
Ibe paper. Never more let us despise this grimy dust. No 
other substance could so well fill the high ofBco of preserving 
trath, upon tlio printed page, as lamp-black, because no other 
substance is so durable as carbon. 

All these forma of carbon have very much the same proper-? 
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ties, but there are other forms so unlike tlieae that c 
scarcely believe them to be carbon at all. 

What ia another form of carbon?— The diumimd^ 
most brOliant of gems, ia nothing but ciirbon. It is cryatul- 
lizotl carbon. Uul], bluck charcoal, very common and yety 
cheap, and the beautiful diamonil, most costly uf precious 
gems, are onlj two different fiirma of the aarao element. 

The (liiimond is Ibe hardest known substance. It cannot 
be cut or even st-r itched b; any other. Very small and 
otherwise useless diamonila are set in the end of u proper 
handle and are commonly nsed for cutting glass. 

There are two principal forms of this most elegant jeweL 
They are called the hriihant and the Totr.. Tlio first of these 
is regarded as the finest Its shape is well shown in Fig, 40. 
Look at the gem sidewise 
and it appears as seen in 
the upper part of the pic- 
ture ; look at the top of it 
and it appears as seen in 
the lower part. The form 
of the ras« is seen in Fig. 
41 ; a side view above and 
a top virw below. 

What other fbnn of 
carbon is unpca-tant? — 
Another kind of carbon is 
known under the common 
Dame of " blacfi-lead" and 
is very familiar to us in its 
most useful form, the lead 
of our lead-pencils. This 
name does not belong to 
it properly, for it ia not 
lead. It has no prapcf- 
ties like those of lead ex- 





cept that wliich al- 
lows it to leave ^ 
jnarks upon paper. 
It la called, aome- 
js, plumbago ; 
tat the name wliich 
chemists givQ it is 

Graphite ia found I 
in the earth. It 
ia as black as coal, 
but it has A doll 
slmung appearance 
vhjch coal has not 

It is among the softest minerals tojio found, and as per- 
fectly opaque as can l>o. How much unlike the hard and 
transparent diamond in these respects ! 

In -what things are eoa2, diamond and graphite alike ? 
— All three of these forms of carbon are alike in some respects. 
No fii'e can malt them. No liquid can dissolve them, if we I 
except melted iron, which seems to dissolve a little carbon. I 
They cannot he changed by exposure to the atmosphere ; I 
they suffer no decay, no rust. But let them be heated hot I 
,fmoagh, where oxygen ia present, and they will bum. I 

What ia the result of their comhustion? — "We have J 
proved by experiment that when charcoal burna carbonic I 
dioxide is produced. By heating the diamond to » white I 
lieat, in oxygen gas, it will he consumed, carbonic dioxide he- J 
ii^ the new substance found in its place. Graphite has also I 
been burned, and the same substance, carbonic dioxide, pro-i 
daced by its combustion. I 

What does this prove ?^This proves that the grimy I 
cool, and the hard spiU-kling diamwnil, and the soft dullfl 
graphite, are really one and the same substance. For, dol 
■we not know that, whenever carbonic dioxide is formed oxy- 1 
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gen and carbon have combined to form it? Kow wlint do 
we find? We find oxygen taking charcoal in one case, and 
diamond in anotlier cose, and ^rrapliite in another case, form- 
ing carbonic dioxide every time. Hence charcoal, diamond 
unci graphite are all the eama element— carbon. 

Kow this element hae come to be in snch wonderfnlly 
different forms, wo cannot telL No chemist can change chai^ 
coal into diamond, nor can any one tell ua how it has been 
done in the great laboratory of nature. ^^ 

THE GROWTH OF PLANTS. ^H 

Describe an experiment with a bean ?— Tate a com- 
mon bean and jjut it into water where it may stand in a 
warm place. After a. day or two take it from its bath and 
with a jjenknife blade carefully remove its thin outer cover- 
ing. Kow notice; tbo bean is made up of two separate halves, 
and a htUe stem, short and plump, curled up at one end of 

Put the knife blade between the two halves of the bean at 

the end opposite the little stem and gently press them apart 
They separate freely, escept at the stem ; to this they are 
both joined. Look between the two parts, just above the 
stem. "What pretty little thing is there? Two minute, 
delicate, but perfect white leaflets. 

Wo flee then that in a common white hard bean there is a 
stem and there are leaves. It is a httio plant rolled up and 

What happens if the bean is planted [ — Let a bean be 

planted and it is moistened by i-ain and warmed by the eun- 
shine. Ita tender covering soon bursts. Its tiny stem grows 
larger and longer. Its two halves are pushed np into the air, 
changing color us they go, until they come out in the form 
of two thick oval green feuues while the tiny leaflets betweea 
are much larger than before, and alao green. 
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What more may 'be noticed I — Day by day tho ste 
grows loiig^jr an J the number of leaves increases. Nor is thuf 
aU. There is aomeUiiiig going on which is out of Bight 'J.'ak J 
the soil carefully from around the' joung plant and ti 
that the stem is pushing its way down into the ground, nndV 
that littte branches are growing out from it in all directions. 
Buth ways at once the plant in growing. Up into the air it 
pushes its &t«m and leaves ; down into the ground it thrusts 
its roots. 

What three distinct parts may he noticed in the 
plant { — -The root, tho stem and tJie leaves are tho three 
parts of the young beau plant. Boot, stem and leaves are _ 
three parts in eveiy plant J 

The seed of a plant is itself a little plant, which qnly noeds-H 
the soil, the air, moisture and sunshine to develop into root M 
and stem and leaves. 

The growth of a plant is but the increase of the size and 
number of itu routs, of the size and length of its idem ami the 
number of its branches, and of the number and the size of its . 
leaixs. 

An animal cannot grow unless it has food given to it. How 
eoold a body of any kind increase in size without receiving 
any new material 'f The growing plant needs food. 

What elements are needed by a grcwing plant 2 — 
Now carbon, hydrogen and oxygen, with a little nitrogen, and 
Teiy small ijuantities of a few other elements, makra up every 
part of any plant These the plant must get in some way, else ■ 
it canqot flourish. If any of them are lacking, the plant suf- 
fers even if it does not die. The food of plants must contain 
all these elements. 

In •vrh.a.t substances does the plant fhid these ele- 
jnents {—Now the plant gets its carb(jn [romcai-ixjiiic dioxide. 
It gets its hydrogen and oxygen from ivaler. It gets its nitro- 
gen troin ammojiut. And as nine tenths of the weight of 
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plants is made np of carbon, hydrogen, oxygen and niiirogen 
it is easy to see' that the three substances just named must be 
the food upon which plants must chiefly live. 

But hoTV can a plaitt take food ? — ^Every plant has a 
multitude of mouths. There is one at the end of every Uttle 
rootlet in the soil, and there are a host of them on the under 
side of every leaf. Each little root-mouth of a growing plant 
is taking in liquid food from the soily and each little leaf- 
mouth is at the same time taking gaseous food frOm the air. 

What is the liquid food ? — The liquid, which enters the 
roots of a plant, is water in which many substances of the 
soil are dissolved. It contains compounds of ammonia from 
which the plant can get nitrogen, and it also furnishes the plant 
with those other elements which it needs in small quantities, 
those which make up the ash which is left when the plant is 
burned. 

What is the gaseous food ? — The gaseous food which 
enters the leaves of a plant is the carbonic dioxide and water- 
vapor of the air. From these gases the plant gets carbon, hy- 
di'ogen and oxygen — the three most abundant elements 
needed in its growth. 

Describe the circulation in the plant? — The liquid, 
which enters the roots of a plant from the soil, moves along 
through the roots and enters the stem. In the stem are a' 
great many very small tubes, called sap-tubes, reaching up- 
ward through the stem and through the length of all the 
branches of the plant. Up through these tubes the fluid 
climbs. It spreads out into the branches. It enteri^ every 
twig and every leaf-stalk, and finds its way into every part of 
every leaf. But having thus explored every portion of the 
leaves the sap begins a backward journey toward the soiL Not 
in the same channels through which it rose, but in another set 
of tubes it finds its way back. Thus up and down the stem, 
and through the branches, out and back again, the sap, in 
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ceaseless circolation, carries food to every parfc of the growing 
plant. 

Is the oharaoter of the sap changed in this journey ? 
— If taken from the lower part of the stem the sap is thin ; 
farther up it is thicker, and on its way down it is still more 
dense. This change in the density of the sap shows that new 
substances are being made in it. 

The food of ^ plants must be decomposed before its carbon, 
hydrogen, oxygen and other elements can nourish them. 
These elements combine again in very different ways, and 
we shall soon see what common and yet what curious new 
substances they form to become parts of a growing plant. 

« 

With -^vhat substance shall "we begin the descrip- 
tions ? — ^With cellulose, because it is the most abundant. It 
is sometimes called woody fibre. "When pure it is made up 
of nothing but carbon, hydrogen and oxygen. 

Ho'w may -we obtain "woody fibre ? — ^Let a piece of 
wood, or some flax, or straw, be bruised and soaked until 
nothing more can be washed away. Woody fibre will remain. 

What are some of its properties ? — ^It would then ap- 
pear to be a mass of white fibres. It has no taste. Water 
cannot dissolve it ; indeed if the fibre is pure it will not dis- 
solve in alcohol nor in the strongest lye. 

In -what parts of the plant is it fbund ? — It is found 
in every part of the plant. The trunk of a tree consists of 
slender fibres of this substance, which, when young, are tubes 
for the sap to flow in. It exists in the straw or stalks of 
grain ; in the skin of seeds and in the cores and stems of 
fruit. The bran of com and wheat, the partitions in an 
orange, and' the delicate framework of a leaf, which you can 
see by holding a leaf up so that the light may shine through 
it, are made al&ost wholly of woody fibre. 

What are among the purest natural fbrms ? — Cotton 
and linen are the purest natural forms ot this substance. 
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Cotton consists of little hollow white hairs which grow aronnd 
the seeds of the cotton plant. Linen is the inner bark of the 
flax-plant ; indeed its most common name is flax, and it is gen- 
erally called linen only after it is spun into thread or woven 
into cloth. 

We cannot afford to leave this subject before we have noticed 
the wonderful fact that woody fibre can easily be made ex- 
plosive; more terribly explosive than gunpowder. 

Describe the experiment. — Mix an ounce of strong 
sulphuric acid with half an ounce of strong nitric acid. After 
the mixture is cooled, take small pieces of clean cotton wool and 
press them one after another into it. In about fifteen minutes 
lift the cotton from the acid and wash it in water until every 
trace of the acid is gone. Then spread the cotton out upon 
paper and let it dry in a warm and airy place. 

Almost no change at all can be seen in the cotton after 
such treatment. It is still white, perhaps a little harsher to 
the touch and somewhat blrittle. 

What remarkable properties has it ? — ^Touch it with a 
red hot wire or a lighted match ; instantly a flash occurs and 
the cotton is gone I There is no smoke, no smell, and there 
is nothing left behind. It is as combustible as the gas we light 
our houses with. 

Put a small piece of this curious stuff upon an anvil and 
strike it smai-tly with a hammer ; a violent explosion instant- 
ly occurs. It is more explosive than gunpowder. 

What is this substance called? — It is called gun-^oUon. 
It is a dangerous thing to use in guns ; its explosion is so sud- 
den and violent that it is apt to burst them. Its explosive 
force is three or four times greater than that of common gun- 
powder. 

What is collodion ?-— Gun-cotton is very soluble in ether. 
It forms a sirupy liquid called collodion. Let this solution 
be spread over any surface exposed to the air, and the ether 
guickly evaporates, leaving the cotton behind in the form oi 
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tk thin film. Oa this acoonnt it can be used instead of coort' J 
plaster. Bat its moat extenaivo use ia in the art of pLotog-J^ 
Taphy. 

Thus a large part of the carbon, hydrogen and osygen of 
tbe food of a growing plant ia changed into cellulose. An- 
other portion of these same elements is mode into slarck. 

How may we obtain starch ? — Kaep somd potivtoeB on 
n grater ; put this X>u1p into a linen bag ; wet it thoroughly 
Bud then TJolently kneed, and squeeze it. A whitish fluid 
vUl be obtained. Let this fluid stand at rest for some Lours, 
Kndyoa will then find that it has become clear ; the white sub- 
haTing settled upon the bottom of the diah. Now this 
vbito sediment is starch. Pour off the water, and then pour 
more that is freah, and let the staruh settle again. 
Do this ueveral times, and then dry the white powder in a 
worm placo not too hot. 

What are some properties of starch ? — When pure, 
fltarch ia a snow-white powder. It is made up of little grains 
too small to be seen without a microscope. In some kinds it 
■would take no leas thau three Ihousantt of these little granules 
to make a row an inch in lengtb ! They are not always so 
tonall as this. Those of the potato are much larger thau those 
of wheat or rice. 

These starch grain-s are not of the same'shape in different 
plants. In potato starch they are egg-ahaped ; in wheat 
BtArob they have a shape much like that of a ex>ectacle glass, 
thiok iu the centre and thin around the edges, while in rica 
they are angular. 

la -what part of the plant is staroh found ?— Starch ia 
Tery abundant in seeds and grains, siich as corn and wheat 
and rice. It ia found alao in the pith and in the bark of 
trees. Such roots aa potatueii and turuips contain a 
great deal of it. All vegetable bodies that ore used for food 
Abound in starch. Indeed starch is itself a useful food. 
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Mention kinds of starch used for food Com 

Tery commou ; it ia made from Indian c< 

Tapioca is starch from tlie roots of a plunt that grows itf 
tropical countries 

Sago ia starch taken from the pith of some Bpscies of palm- 
In -what respect ia staroli like cellulose ?— Gellalose 
and starch aeem lu Ije two vury different tilings, and B<i they 
are in almost lUl their properties. But in one thing the two 
are alike ; they are both made up of carbou, hydrogen and oxy- 
gen ; and, Mfhat the chemist finds more curious &tiU, ia that 
they contain these elements in exacliy thf, same proportion. 
Since they are made of exactly the same things and ia eitactly 
the same proportion we are a littlo perplexed to know why 
they should themselves bo eo unlike. 



Thus cellulose and starch are two of the substances which 
a growing plant makes out of the carbon, hydrogen and oxy- 
gen which they get in their footl ; sugar is another. 

In what plants is sugar found ? — Sugar is found in aU 
plants. In some it occurs in small quantities ; in others it is 
very abundant. The maple tree, the sugar cane, the beet, 
Indian corn, grapes, pluma and cherries contain it in large 
quantities. 

In -what condition is it fbund in them ? — It is always , 
in soiutio/i in the plant It is in the sap of the tna})le, and in 
the juices of the cane and oi frwits. In this respect sugar ia 
Tery different from starch and cellulose ; they are always 
solids in the plant. 

What are two important kinds of sugar ? — Cane Kogar 
and grape sugar are the two most important kinds. All our 
table sugar is cane sugar. Grape sugar ia not so useful and 
common, but we have all seen enough of it to know what 
it is, for the white and sweet granules so abundant on the sur- 
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face of raisins, are grape sngar. Moreoyer the sweetness of 
honey is dae to ii 

Mention some difibrences in the ti^o. — Cold water 
will dissolve cane sugar in much greater quantity than it will 
grape sugar. When the strong solution of cane sugar is al- 
lowed to stand quietly its water evaporates and the sugar is 
left in the form of crystals, known as " rock candy** but grape 
sugar will not separate in the form of crystals. 

Both are composed of carbon, hydrogen and oxygen, but 
the grape sugar has a larger proportion of hydrogen and 
oxygen than the other. 

From "w^hat is the sugar of oommeroe obtained ? — 
The juice of the sugar cane furnishes nearly all of the enor- 
mous quantity of sugar found in the market. "We must not 
forget the maple tree, which in our own country yields the 
dehcious maple sugar ; nor the beet, which in Europe is the 
source of sugar; but the quantity obtained from these is very 
small compared with that from the sugar cane. 

Ho^w is it made ? — The cane is bruised and pressed to 
make it give up its juice. 

The juice is then treated to a small quantity of slaked 
lime and heated alinost to its boiling point. By this means 
it- is purified from some things which would cause the sugar 
to spoil quickly if they were not taken away. 

The juice is next heated in large open pans. Its water 
goes ofif as steam and the sugar stays behind in the form of 
iXcksirup. 

The sirup is allowed to cool, when the sugar separates in 
the torm of small grains. 

The granular sugar thus obtained is put into casks, having 
holes in them to allow the sugar to drain. 

The sugar thus made is raw or brown sugar. 

What is molasses ? — The liquid drained off in making 
brown sugar is known as molasses. 

Haw is sugar refined ? — ^The brown sugar is dissolved 
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in water which contains a little lime, and a small quantity of 
btdlock's blood is added ; the mixture is then heated. Many 
impurities rise to the sxu'face and are skimmed ofL 

The liquid is next strained through cotton bags ; it becomes 
clear but it is still dark colored, and needs to be whitened. 

The dark liquid is then passed through cylinders contain- 
ing charcoal by which the color is taken away. 

The bright colorless fluid is then " boiled down" to a sirup.- 
The sirup is put into cone-shaped molds and allowed to cool 
and crystallize. 

The white solid thus formed is loaf sugar. 

Thus cellulose, starch and sugar are three very important 
compounds, which the plant manufactures from the carbon, 
hydrogen and oxygen of its food. Besides these there are a 
great many others. 

Name some other substances 'w^hieh the plant 
makes from its food ? — There are gums of many kinds ; 
they flow out of the pores in the bark of some kinds of trees. 
Who has not seen gum drops on the trunks of the plum trees 
and the cherry trees? Oum arable exudes from some species 
of acacia. 

Name other bodies made by plants ? — ^There are vari- 
ous kinds of oil manufactured by the plant from its food. 
Diflerent plants make different kinds of oiL The flax plant 
makes linseed oU, which is obtained from its seeds. The cas- 
tor oil plant makes castor oil, so useful in medicine. 

What else is made in the plant ? — Then there are the 
substances which give to plants their peculiar odors and 
which the chemist compels them to yield for use in making 
perfumes. The rich fragrance of the rose and the violet are 
due to substances made in these flowers out of the elements 
of their food. 

Mention one thing more Into Tv^hioh a part of the 
food of plants is changed. — ^The coloring matters of plants 
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e made in tho plants, ont of the material fnnuBhed bj their 1 
iood. Each flower decorates itself with its own peculiar T 

■, but there is one color wbiob is eoiuimin to the stem 
and leaves of nearly all plants. The mendons and the foteste 
Alike are green. 

The name of the substance to which we are indebted for the 
beautiful green color of our earth's car[>et is chlvrophyL 
Jiet^-grfen is an easier nmoa to speak nt first sight, but we 

a afford to make a httle effort to romember the name of so 
important a substance as chlorophyl. 

a nature, not soluble in water, fortunately, 
^Ise the rains would bleach our forests. It is soluble ii 
wbol. 

It does not occur in large quantities, A very httle is abl& | 
» color a great surface of leaves. Berzelius, a very eminent 
chemist, thought that in tho leaves of u large tree there might 
not be more thau one hundird grains by weight of chlorophyll 

Are there any other things made in plants ? — The 
Bubstances otieady named are a few of the most important 
ones which plants produce to build their growing bodies. 
TChere are a multitude of others which we cannot even men- 
tion now. The strangest and most puzzling fact about it is 
S all this host of different things is made out of so few 
elements. Carbon, hydrogen, oxygen with a little nitrogen, 
fend very small quantities of very few other elements furniahed 
by the food of plants, compose them all. 

THE DECAY OF TLANTS. 

While a plant is living, air and moistore only help it grow, 
but when dead the same substances break it up and reduce 
it to the form of earth. Now what are the chemical changes 
vhich take place when wood decays? To answer thia ques- 
tion let ns cause some wood to decay in such a way that we 
study the action and test the results. 
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Describe kn experiment. — Sappose we pat some fine 
saw-dust into a bottle which may be corked air tight. Let 
us thoroughly moisten the saw-dust first and then close the 
bottle. No change will be seen at once ; indeed we must 
wait patiently many days ; but at length if we keep the bot- 
tle warm, we shall find that the wood is partly decayed. 

Next let us open the bottle and examine the air inside. A 
little lime water tells us that it contains carbonic dioxide. 
This then is one of the things produced in the decay of the 
wood. We can easily explain it : the wood has given up a 
part of its carbon, and the air, aboye it, has given up a part 
of its oxygen, and these two have combined to make the car- 
bonic dioxide. 

What else ooours ? — ^This experiment cannot tell us of 
some other changes that take place in the decay, but the fact 
is that water is another substance produced. The wood gives 
up a part of its hydrogen, and the air gives up a part of its 
oxygen, and these two combine to form water. 

Here then we have the most important chemical changes 
in the decay of wood. 

Briefly explain the process of decay. — ^The wood is 
slowly decomposed. A pairt of its cai'bon takes oxygen and 
forms carbonic dioxide. A part of its hydrogen takes oxygen 
and forms water. These substances escape into the air. 
The rest of the carbon and hydrogen of the wood remains in 
combination with oxygen and stays behind as a loose, moist 
and dark colored solid. 

Are these things true T^hen other vegetable mat- 
ter decays ? — "When any kind of vegetable matter decays, 
the same changes occur. That which grows in one season 
decays the next. Water and carbonic dioxide are added to 
the atmosphere while a layer of loose and dark colored mold 
is left to enrich the soil. 

Ho'w does this action resemble combustion? — ^This 
process is very much like the more bnUiant process of com- 
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lu the first place, the same elemente, carbon and 
hydrogen, from wood or other fuel, tjike part iii both aotiotiB. 
L the second plaoc, oxygen is used in both. In the third 
place, water and carbonic dioxide are produced by both. Tha 
chemical actions seem to be the same. 

The chief difference between decay and combustion 
ii6 rapidity of the actions. A piece of wood that will be 
bnmed in a few seconds will need months to decay. Decay 
s a kind of slow combustion. 

To such chemical actions we owe the disappearance of 
every yearly growth of the grasses, the weeds and the flowers. 
A.I1 dead vegetable matter exposed to the atmosphere must 
r each decay. But sometimes wood and other vegetable 
gomtter is buried in the earth where the air camiut get to it. 
Eometimes, too, it is washed down into the sea and is buried 
tmder the mud at the bottom, so that the atmosphere canuot 
reach it "What thou ? Will it decay ? It will last much 
longer than if the air coidd reach it, but it cannot finally 
escape. 

Can decay a-way &ont air be the same as in its prea- 
sncei— In the decay of bodies ia the air it is the osygen of 
lie atmosphere which attacks them and breaks them up into 
r and carbonic dioside. Away from the air, no oxygen 
vonld be furnished, and we ought not to expect that the 
action would take place. Is it not easy to see that the 
decay of wood buried away from the air must be quite a dif- 
ferent thing from the decay which takes place in its presence? 
In "what does it oonEist ?^I>ecay under such circum- 
stances cousiutu chiefly in a change amongthe elementsof the 
wood itself. These elements are carbon, hydrogen and osy- 
They are arranged in a certain way in the perfect mood, 
Imt when shut away from air, they begin to slowly change 
' e oxd&r in which they find themselves. The oxygen takes 
B of the carbon and together they escape as carbouio 
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dioxide. The hydrogen also combines with a part of the 
carbon. They form a great variety of compounds, some of 
which are gaseous and escape, while others arc liquid in form, 
and remain with the rest of the solid carbon. 

Give an exaniple of such a process ^iu^; on at the 
present day.-r-Such a proccKs is going on unw at the bol-' 
torn of marshes. The plants to be fuuud in such wet places 
often grow luxuriantly in the Buinmer, but before the nest 
season comes thoir dead bodies have fallen down upon the 
inud below. Hero their slow decay goes on. 

What substance is thus formed ? — Peal is one of the suh- 
stances formed in thia 'way. The name is given to vcgetablo 
matter in which the decay is not half complete. The swampy 
places of Ireland are the most not«d peat^beds in the world ; 
it ia said that one tenth the sm'face of that island is covered 
with peat. 

This substance is a Tery valnable fueL Vast quantities 
are taken from the beds, cut into blocks and dried in the 
suu tor this purpose. 

What other sulistance is thus tbTTaBdl^BHuminom 
coal has been produced from vegetation very much in the 
same way. "Why then, is its composition difierent from peat ? 
Simply because the decay hos gone on farther. Its oxygen 
is all gone. The gases of the decomposition have all escaped, 
and only the carbon with the liquid compounds of carbon 
and hydrogen are left. 

But there is another striking difference between bitumin- 
ous coal and peat ; coal is very compact, peat is not. Why 
this difference ? The pressure of all the rock and soil and 
water above it, could not fail to crowd the soft decaying v^ 
etable matter more and more closely together, and this seems 
to be a good reason why coal is harder than peat. 

What is another product of this slow decay ? — An- 
thravil'! coal is finally produced by this slow decomposition in 
thu earth. The action, we suppose, has not stopped when 
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bitammoos coal ts made. The liquid oompomids of hydro- 
gen and carbon have slowly escapednntil all are gone. Noth- 
ing bat the solid ciirbon is left. 

Wbikt cootd have caused this change? Well, here ore two J 
Swits which we knoio : First, the ourth is hotter in the in- 
terior than it ia at the surface. Second, let bitumiiioaa cool 
be heated, away from air, and its hquid compounds will be 
driven oS. Now these facta lead us to say that bituminous 
coiU, buried deeply in the earth, away from air, will bare its 
liquid compounds slowly driven off by heat until only its 
carbon is left. And then if wo remember that the heavy 
s of rucks above it must have pressed with enormoua 
weight upon this carbon to harden it, wo understand bow 
anthracite coal has been formed in the earth. 

When -were the ooal beds ibrmed ? — ^The coal beds in 
the earth were made so long ago that we cannot measure the 
time in years. It was before the first man was created ; how 
long before no one can tell. It was long before the kinds of ■ 
trees and plants, now so common, began to grow upon the 
earth. It is called the carboniferous age, and several other 
uges have passed since then. 

What other substanoe has been formed hy the 
decay of vegetable matter In the earth ? — Oily liquids, 
called mineral oil or petroieum, have been also given off by de- 
caying vegetable bodies deeply buried in the earth. They 
are the hquid compouads of hydrogen and carbon so often 
spoken of aheady. Petroleum is not a single mibstauce, but it 

amixtureof many kinds of hquid, all ahke, however, in being 
composed of the same two elements. 

What is naphtha 1 — By gently heating the crude petro- 
leum, that comes from the earth, and then cooling the iiapors 
rise from it, a very hmpid and colorless hquid is ob- 
tained. This is naphlka. Sometimes naphtha is found by itself 
in the earth. It is the purest form of the native rock-oil. 
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Naphtha is very combostiblc. It is always roacly to pass 
away as vapor, when left in open vessels, and the mistiire of 
its vapor with air is terribly explosive. 

What else may be obtained Ijy- heating petrtdeum ? 
— A great variety of such hydro-carbon oils may bo obtaiued 
by heating petroleum to different temperatures. One among 
them is kerosene, so commonly used in lamps. The vapor of 
this Bubstanca mixed with air is as explosive as gunpowder. 
"When well made, however, kerosene will not give off its ex- 
plosive vapor by the heat which it is likely to get in a well- 
made lamp. It needs a higher heat, and on this account it 
can be safely used. But, unfortunately, tho fluid, as found 
in the market, is not always well prepared. It often contains 
oils which give explosive vapors at Ijw temperatures. Some- 
times even naphtha itself is ono of the constituenta The use 
of such burning fluids is extremely dangerous. 

What more may be obtained by «1igHlling petroleum ? 
— When all these very volatile oils have boon driven away by 
heat, from the crude petroleum, there is left a dark colored 
eoUd substance called wfphalium. This substance is quite 
hard at low temperatures, but when warmed it is soft, and 
if it is heated to a high temperature in air will bum with a 
smoky flame. 

But we need not distill petroleum to get asphaltum ; nature 
has done this work on a large scale in some places, so that 
this " mineral pilch " is a very abundant natiural product 
Think, for example, of the Great Pitch Lake, on ono of tha 
islands of the "West Indies. It is three miles in circumference 
and its depth is not known. The shore of the Dead Sea is 
another noted locality where asphaltum is found, but we will 
not stop to notice other wonderful deposits of this subsbuioe. 

THE EFFECT OF HEAT ON WOOD. 

"When wood is heated to high temperature in the open air 

it bums; is this combustion the effect of heat? TruJy.it 
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I ooold not occur without the heat, but then, comboation ia an 
I fiotioii between the wood and oxygen gas, so that it is not so 
[ much the effect of heat, aa it is of hot osygen. If we would 
I knoiT what effect heat may prodnoo, we must let heat act akme 
' upon the wood. We must heat the wood in a place where 

there is no air. Let us aee how this can be done. The pic- 

tnre represents the process. 
JJesoiibe the apparatus ? — Splinters of some hard wood. 
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we will aay that it is beech, are put into a flaak Thietfl 
flask is flhut air-tight with a cork, A bent tube reaches from j 
the flask over to a bottle which stands in a larger vessel con- 
taining cold water. From this bottle there is another bent 
tube reaching over to a receiver standing in a cistern of 
water. 

Describe the expeiiment, — Heat is applied to the flask. 
The wood very soon begins to turn black and gases begin to 
flow out through the bent tube. They pass into the bottle 
and from there they may go over into the receiver. But all 
do not go over ; some are condensed by the cold and become 
licLoid in the bottle. After a time the flow of gaaea 8top»J 
and the work is done. "What are the results ¥ 
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Wliat substances sxe obtained 7 — la the flask nothing 
coal-black mass is left Indeuil it is nothing but char- 
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In the bottle n diirk colored liquid is collected, while 
receiver we find a quantity of gaa, 

We are acquainted with charcoal, but what are these li< 
and gaeeooa substances ? 

Desorlbe the liquid products. — There seem to be two 
Uqoid products caught in the bottle. One of these is a very 
dork colored resinous Bubstance which is called ii>ood4ar. 
The other is a dark brown liquid with a sour and smoky 
taste. It is pyroligiieous acid. Both of these substances are 
valuable. 

For ^hat is tar used ?— Tar is extensively' used in ship 
baildini;^. For this and other more famUiar purposes a great 
qnantitiy of this block and pitchy stuff is used. It is made 
on a largo scale by heating pine wood, the resinous pine more 
commonly known as "pitch pine," 

What Is pyroligneous acid ? — The pyroligneous acid is 
a mixtui'o of several things. It owes its sour taste to the 
vinegar, or, as the chemist calls it, the acetic acid in it. Its 
smoky taste is due to a curious substance coUed creosote. 
Besides these two liquids this acid contains another, a very 
limpid hquid which is colorless and combustible, known as 
vx>od-i<pii-U. 

Are these substances iiseftil ?— The acetic acid from 
wood is veiy valuable because it can ba used to make com- 
pounds needed iu the art of coloring cloth. 

Creosote has the most wonderful power to preserve bodies 
from decaying. Examples .of its action are very common. 
Meat is often sowked in order to preserve it, but uuless the 
smoke contains creosote the operation is uaelesa "Wood- 
smoke does contain it, and the " curing " of tongues and 
hams and other meats, by smoke, is due to creosote. It is a 
oonetituont of wood-tar as well aa of pyroligneons acid ; and 
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Trlien bitmmnoUB coal ia heated in close vessels, the coal-tar' 
obtained also containa creosote. 

Wood-i^irit buma witli a very hot Same, and chemists use 
it Bometitaes, as a source of heat in their lamps. It can dia- 
Bolvo resina very powerfally, and it is used for this purpose 
in making varnish. We call it wood-spirit, and this is well; 
but in chemistry it has been given the more dignified title of 
meihylic alcohol. 

These three compounds are important substances. Very 
many other things can bo obtained by carefully distilling the 
liquid products of boating wood in air-tight vessels, but wo will 
not stop to study them now. 

What are the gases obtained in the experiment ? — 
The contents of the receiver (Fig. 42) ia not a single gas ; 
it is a misture of several We will name only the two which 
are the most important. One of these is mateh gas ; the 
other is olefianl gas. 

Where is innrgh gas to be fbund In nature ? — Marsh 
ga.sis rightly named, because it is abundant in marshy places. 
HavG' you never seen the water of ponds and quiet pools 
stirred by bubbles rising from the bottom ? It is a very com- 
mon thing in water standing over muddy bottoms. The bub- 
bles are of marsh gas. They are set free by the decay of 
vegetable substances in the mud below. Look at the picture 
(p^el02> and see how they may be caught in a bottle having 
a funnel in its neck. 

Marsh gas flows from coal beds into the mines where the 
laborers are at work. The most awful effects are then some- 
times produced by it. It is very combnstiblp, and, more than 
this, when mixed vrith air it is terribly explosive. Fancy it 
flowing into a mine, mixing with the air al! around the miners, 
and the mixture then touching the flame of the miner's lamp 1 
The lamps and the lives of the miners would be extinguished 
at once by a terrible explosion. Alas ! It is not all a fancy; 
snob accidents have happened many times. 
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By -nrhat other names is marsh £:as kno^tm ? — B; the 

miners, marsh gas is called fire-damp. Another common 
name for it ia light carburdtcd hydruijcn, Irat its real chemical 
name is mefhylic hydride. 




What are some properties of defiant gas? — Olefiant 

gas is much like marsh gas in some respects. For example, 
it is colorless, very ready to burn, and very explosive when 
mixed with air. Its flame ia more brilliant than that of marsh 
gas; it gives a very white and beautiful light. 

In what conunon- substance are these two gases 
ibund? — By those who hve in cities and large towns these 
two gases aro in common use. Illuminating gas which lights 
their houses is a mixtiu-e of them. "We do not mean that it 
contains nothing else, for there are small quantities of several 
other gases with them, but the value of illuminating gas is 
due to marsh gas and defiant gas, and it would be better 
than it ever is, if it contained these two alone. 

Is illuminatinif gas obtained Scom vrooA 7 — The illum- 
inating gas for hghting cities and towns is not obtained by 
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heating wood ; to do bo would make it too costly. The sob* 
stance genQroUy nflcd ia bitomiaoiis coal. 

How is it obtained &om ooal ? — If bittuninona coal be 
heated just as tbo wood was heated in the experuneDt which 
we have studied, (Fig. 42) a large quantity of the mixtore of 
gases is caught in the receiver. ladeed that experiment 
may. help OB to understand the operation as condacted on a 
large scale. 

What la used instead <^ the flask T— Instead of the 
floek, in which the wood was heated, there are several long 
iron cylinders act in a furnacct E.ich one of thc3sa will hold 
as much as oue bandrod or oao hundred and fifty poonds of 
coal 

When these cylinders have been filled with cool, they are 
shat air-light, anil the farnace fire ia kindled. The intense 
beat Boon changes the volatilo parts of the ooal to gas, and 
drives it oat of the cylinders just as the lamp flame did with 
the wood ia the experiment shown in figure. 

What is used instead of the bottle ? — Instead o f the 
bottle in which the hi^uids were caught, (Fig. 42) there aro 
several different things through which the impure g^ must go. 
The most important of these are : 

. IsL A horizontal cylinder, quite large and partly ftiJl of 
water. 

2ad. Several tall upright pipes so fi\ed that the gas most 
go up one and down another until all have been passed- 

3rd. A chamber with shelves on which a large quantity of 
lime is placed. 

Why axe so many things needed? — All these things 
are needled to catch the hquid, and other imparities that 
come off with the gas from the heated coaL By the time the 
mixture has passed through them all, it is fit to be burned 
in the chandeliers, to give light to the people ia their homes. 

What is used instead of the receiver ? — Instead of the 
glass receiver in which the gases were canght (Fig. 42,) there 
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is nn immense sheei-iroa timk placed bottom npword in a 
great water-ciatem, Froni the lime chamber the gas goes 
tliroTigh n pipe into this tank, and there it is kept until it im 
needed in the booses for light. 

How is it taken to the houses ? — There is a large pqM 
reaching from the intiiile of the great tank — the ffosomeler, t 
it is called, down nnder gronnd into the street. This j 
branches off into other streets and these branches give c 
other branches which lie nnder gronnd in other streets. Nov- 1 
the weight of the hnge gasometer, presses the gas oat into 
these pipes whieli run along nnder the streets of tbo city. 

A branch pipe reaches from the street pipe into each house, 
and this gives off branches to the different rooms, and at the 
end of each of these there is a gas-bmTier or chandcher. 

Is this gas like that obtained firom 'wood in the ex^ 
peiiment ? — This illaminatii^ gas, or coal gas, as it is often 
called, consists chiefly of marnh g(u and olefiant gag, the same 
gasCB which are obtained by heating wood, as in the esperi^ 
ment described. Cool is used instead of wood becai 
cheaper. 

Are the liquid products like those obtained i 
'wood in the experiment? — ^The liquid products i 
tained in the gas-works are very much like those obtained J)^ 
heating wood. They are not esacUj the same. 

Mention one kind. — There is among them one ] 
which contains ammonia. These ammoniacal liqm 
valuable ; ammonia, or hartshorn as it is often called, is s 
from them. 

Mention another kind. — Coal-tar is anotber substoi 
obtained by beating coal in the work of gas-making. 
very much like wood-tar. Some very useful snbstaDces a 
obtained from it. 

What can be obtained from coal-tar? — One of i 
most important is carbolic acid. We will not try now t 
huw this and the other valuable things i 
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from coal-tar ; the higher test-book of chemistry (see p. 181^ 
win tell you more about it than you are now prepared to 
derstand. But it is easy to remember that from the dark 
and dirty looking coal-tar a lahUe solid can be obtained, called 
carbolic acid ; that it can be dissolved in such liquids as Boda 
and potash, and that it is in great demand aa one of the best 
things to destroy bad odors, to help in tlio cure of some 
diseases, and to assist in making colors for dyfng silk and 
woolen goods. 

What Is another usefVil suhstanoe obtained &oin 
ooal-tar ? — Coal-tar gives ua another useful substance called 
benzole. This la a liquid aa limpid and colorless as water. 
It is very combustible, and its vapor, mixed with air, is terri- 
bly esplosive. It ought never to be used, though it some- 
times is, as a burning fluid for lamps. It ia very useful for 
taking oil stains from garments. 

What suhstanoe can he made from benzole ? — The 
eh^/nist does not always stop when ho has obtained benzole. 
He sometimes mixes some strong nitric acid with it and thus 
brings about a curious change. A new substance ia thus 
made which has the odor of bitter almonds and which ia use- 
ful in making perfumes and confectionery. This new sub- 
stance ia called nilro-bemole. 

Into what may nitro-benzole he changed? — 'Not 
does the chemist stop with nitro-benzole. By rather com- 
plex chemical aetioua which he knovre how to produce, ha 
changes the nilro-benzole into another curious hquid called 
anilin4^. 

Aniline is a heavier liquid than water. It ia itself colorless, 
but yet some of the richest colors ever seen can be made with 
iL Various beautiful shades of red, blue, yellow, and several 
other colors are made with aniline by the use of different 
chemicala The beautiful aniline colors, so popular and so 
useful in the arts, are all made from the dark and offensive 
coal-tan 
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Mention the several steps from ooal-tar to aniline 
oolors. — ^The coal-tar obtained in gas-works is made to for- 
nish benzole. 

The benzole is changed in nitro-benzole by the action of 
nitric acid. 

The nitro-benzole is changed by the action of iron and 
acetic acid into aniline. 

The colorless aniline is oxidized in different ways to pro- 
duce the rich aniline colors for use in the arts. 
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What happens vrhen a piece of marWe is put into 

an add ? — Let some hydroclilorio acid be put into a deep 
glass vessel, enouyb. to cover tbe bottom an inch in depth, 
and then let some small pieces of marble be dropped into the 
liquid. A furious foaming at once b^ns ; the marble wastes 
away gradually, and bubbles of a colorless gas escape in greai 
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What is thia oolorless gas ?— When the action is orer 
let a lighted taper be put down into the glass vesseL Tha 
flame is instantly put out, and from this we infer that the 
vessel contains cdTbonic dioxide. 

What does the experiment teach ? — It is known that 1 
there is no carbonic dioxide in the bydrocbluric acid, anu 
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marbla ^^^| 
narble. ^H 



hence it must be that this gas cnme from tho 
leom that cai'bonic dioxide is a coDstitnent of marble. 

What happens if marble be heated in a fumaoe 1 — 

Let a piece of marble be heated in a fomaee made very hot 
and its character will be coiLsiderably changed. It will be 
whiter than before. It will be more easily powdered. Ent 
it wUl remain solid and bo of the same size as before. 

Is there any other change produced ? — A rhange is 
made in the nature of the marble, by the heat. How can 
we tell this ? Easily. Put the bm-nt marble on a plate and 
pour a little water npon it. At first nothing strange appears, 
bnt Tery soon the stone begins to swell and crack and Anm- 
ble, while large volumes of eteam rise into the air, (Fig. 44.) 
When all is over we find that the stone has crumbled to a 
fine white powder. ' 

What is this powder?— This powder ia called slaixd 
lime ; the stone, before it waa slaked by the water, was quick- 
liTne, or simply lime. 

When marble ia intensely heated, it ceasea to be marble ; 
it is changed to lime. 

What do we leaxn &oni this ? — We thus learn that 
lime is a constituent of marble. 

Of -what two things does marble consist ? — The ex- 
periment with the acid showed that marble contains carbonic 
dioxide ; the heat of a furnace drives this gaa away and shows 
the marble also contains lim£. These t^o substances are the 
constituents of marble. Other things mai/ be present in the 
stone, or they may not be ; these two, however, must be, or 
the marble cannot exist. 

Suppose other things axe present in considerable 
quantities ? — The marble is then of poor quality and if the 
other substances are in too large proportions, the stone is 
DO longer worthy to be called marble ; it is limestone. 

Is limestone abundant ? — This stone is one of the most 
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abtmdant BubBtances in the earth. Over immense tracts oi 
coniitTy the rock on which the bolI rests is hmcstone. 

Marble is the purest kind of limestone ; it is the best ei-^ 
ample of what are calied ci^careovs rixks — ao called bccaase 1 
lime is a chief constituent. 

The calcareous rockb form one of the few large classes o 
rocks which make up the solid parts of the earth. Ctirbonidt^ 
dioxide and bme ore their chief constitiieats. 

Of xrhat is lime composed? — !Lime is a compound of 

two elements. One of them is our famihar acquaintance — 
oxygen, but the other has been, up to this time, a total stranger 
to U3 ; ita name ia calcium. 

What are some properties of oaloium. t — Calcium is a 
meltd. It is about as hard as gold. It has a shining, light 
yellow color, but soon tarnishes in air. It is 'very malleable ; 
sheets of calcium may be made as thin as sheets of paper. 

The yellowish shining calcium and the colorless gaseous 
oxygen, combine to form the dull white stony lime ! 

What then are the chief elements in marhle ? — Since 
lime consists of calciom and oxygen, and carbonic dioxide ia 
composed of carbon and oxygen, we see that marble must 
consist of the three elements, catcium, carbon and oxygen. These 
three are the chief elements in the calcareous rocks. 



Of "What does sandstone consist ? — Sandstone consistii I 
of grains of sand cemented firmly together. In the hard 
brown-stone used for building purposes the particles of sand 
are vert/ firmly held together, but they are not always eo. 
Sometimes they are held so feebly that the stone can be 
crashed by our fingers. ITieec grains are in most res 
the same as the " sands on the seashore." 

But ^irhat are the grains of sand ?^Graius of sand aro ■! 
made of what the chemist calls silica. There are enough o 
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other things with the silica to give the sand its yellow or 
brown color, but the quantity of these impurities is very 
smalL ^ . 

What are other fbrms of silica? — ^Flint is a kind of 
stone, yery hard, sometimes white, sometimes grey, brown or 
black, but always a variety of silica. 

In some places very fine, transparent, diamond shaped 
crystals are found in the rocks ; they are called rock crysUxL 
They consist of silica, almost pure. 

The common name of these hard varieties of silica is qiuxrtz. 

What are other varieties ?~The beautiful amethyst is 
quartz crystal with a delicate purple color. 

The precious opal, the chrysoprase, the Uoodstone, are little 
else than silica. 

Mention some other precious stones "w^hich are 
chiefly silica. — Jasper is a very fine-grained form of silica, 
colored generally red, but sometimes black. 

The agate is a form of silica in which many tints of color 
are delicately arranged in stripes or bands. 

When the colors are few and very regularly arranged the 
agate is caUed an onyx. When the color is uniform, and a 
pearly white, the stone is a chalcedony, but when red is called 
camelian. 

Notice here, that most of the " gems "^md " precious stones" 
are different forms of sUica. They reside in palaces, with the 
high-bom and wealthy. Who would suppose that they could 
be such near relations of common country sand ! 

What name is given to rocks "which contain silica? 
—Sandstone and other rocks in which there is much silica 
are called aUidous rocks. 

The sUicious rocks are, like the calcareous rocks, one of 
the great classes of rocks of which the solid earth is made. 

What is silica ? — ^Silica is a compound of two elements. 
One of these we have found to be a constituent in almost 
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eyeiy sabsiance we haye stadied thus far : it is oxygen. The 
other we haye not yet even named: it is silicofL 

What kind of a substaQoe is sUioon?— Silicon is in 
some respects like carbon. ^It is a dark colored powder 
tisiially, but then it may have two other forms a little like 
gpiiiphite and diamond. 

Very much less is known about silicon than about carbon. 
Xt is, next to oxygen, the most abundant element in the world, 
but it is never found alone ; it is combined with oxygen, and 
"Uie two do not like to be separated. Immense, quantities of 
silicon are hidden in the sandstone roc&s, so very common, 
yet yery few persons who are not chemists haye eyer seen it. 



Wliat is slate ? — Slate is a kind of rock which can be 
cspHt into thin plates. The " slate " on which we write in 
ischool, and the " slate " used in roofing buildings are familiar 
examples. 

Yast beds of this kind of rock are found in many parts of 
"the world ; and great quantities are quarried for roofing, for 
»ide-walks in cities, and for other useful purposes. 

Of -what is slate rock, composed ? — One of the mostim* 
^rtant substances in this rock is silica ; there is another, the 
:name of which will be new to you ; it is cUumincu These are 
not the only substances in slate. Indeed there are a great 
many others in it, but these two are always present and are 
the most prominent constituents. 

What name is given to rocks 'which qpntain much 
alumina? — Slates and other rocks in which there is much 
alumina are called argillaceous rocks. 

The argillaceous rocks, like the calcareous and the silicious, 
are one of the great classes of rocks in the solid earth. 

What is alumina ? — ^Alumina is a compound of two ele- 
ments. One of these is oxygen ; the other is aluminum. 
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What kind of a sutetance is aluminum ? — Almninum 
is a metoL In color it is a trifle more blue than silver. It is 
very light — ^not one quarter as heavy as silver, but like silver 
it does not easily tarnish in the air. 

This metal is used for ornamental purposes in the arts to 
some extent. Light weights for delicate balances are also 
sometimes made of this substance. 

Is aluminum abiuidant? — Next to oxygen and silicon 
this element is the most abundant in nature. It occurs not 
only in slate, rocks ; it is also found in clay. Not a particle 
of clay exists that does not contain a little aluminum. One 
-would think that a thing so abundant might be easily ob- 
tained, but this metal is not. It is so firmly bound in with 
the oxygen and the silica, that the chemist is puzzled to 
know how to set it free. 



Of vrhat is granite composed ? — If we look at a piece 
of granite very carefully we may see that it is made up of little 
crystalline particles. Some of these are white, or nearly so ; 
others are of a yellowish color ; while others still are little 
scales of a brownish hue. 

.The whitish grains are quartz ; the yellowish ones fire feld- 
spar, and the little brownish scales are mica. Granite is made 
up of these three substances. 

What are granitic rocks ? — There are several kinds of 
rock which are very much like granite, yet not the same. 
These with granite are called granitic rocks. They are thought 
to be the oldest, kinds of rocks in the earth. 

What are the elements in these rocks ? — ^The chemist 
has found that these rocks are chiefly composed of compounds 
of silicon, aluminum, calcium and oxygen. 

These are not the only elements they contain ; several 
others in smaller quantities are found in them. 
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What is potassium? — Ooe at these other elements ia 
potassium. It is not foand liloae, bat it is combined with 
the inevitable osygcn. 

Potaseiam is a mnUd, bnt is bo different from the common 
metals that we must examine it before going furtlier- 

What are some of the curious properties of potassi- 
um? — Moat metals are heiivy bodies, but this one is lighter 
i/tan water. Let a piece be dropped upon water and it will 
&OB.i, liie cork, upon its surface. 

Nor J8 this the only thing that will pig jb, 

Burpriae one who drops potaeeium 
upon water ; the metal will instant- 
ly tike fire. Tiolet-colored flame will 
burst from it, while the melted glob- 
ule will run about wildly over the 
"water, wasting away all the time 
unto, when nearly all gone, it will 
usoally put a stop to the action by an 

There ia another curious thing 
about this metal. Most motals are 
Tcry hard, but this one ia as eoft aa 

Por -what substanoe has potassium a strong attrao- 
tiou? — Potassium has a strong attraction for osygeu ; the 
two combine whenever they come together. This is why the 
metal takes fire on water ; it seizes the oxygen and pulls it 
away from the hydrogen of the water and combines with it 
dtselt When exposed to air it also combines with oxygen, 
and on this account its surface is never bright more than a 
minute after it is freshly cut. 

What substance does this metal fbrm -with oxygen? 
— The new substance formed when potassium and oxygen 
combine ia p)tosa ; it ia often called potash. 

Potassa is one of the substances found with silica, alumina, 
and lime in the granitic rocks. 
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What is sodium? — Sodium ia a metal very mach like 
potasGium. It is soft like wax ; it 'will float on vater, melt 
into a globule, and run briskly around over the Ktirfave of 
the liquid and waste away as potassium will do, because it 
has a strong attraction for the usygen in the liquid. 

WHat is soda ? — The compound of sodium, and oxygen is 
called soda. Soda is another of the substances found with 
sihca, alumina, and hme in some of the granitic rocks. 

What is magnesiimi? — Magnesium is a silver- white 

metal It is heavier than those Just described, but still wo 
must regard it a very hght metal ; it is not quite twice as 
heavy as water, while iron, piecea of which we have so often 
lifted, and with whose weight we are more familiar, is more 
than seven times heavier than water. 

Magnesium can be made into thin sheets, and it can be 
drawn into wire. In both these forms it ia fonnd in the 
market. 

This metal is very mmbuslihle. Magneeinra wire will bum 
with a most dazzling hght when set on fire by bringing one 
cud of it into a lamp-flame. Tl.e fii-e will run up tho wire 
very rapidly, and great volumes of white smoke will be made. 

What is magnesia ? — This white substance just men- 
tioned is magnesia j it is a compound of magnesium and oxy- 
gen. Magnesia is another of the substances found with 
sihca, alumina, and lime in the granitic rocks- 

"We wiU not stop now to notice the very few other mb- 
stancea that exist in these rocks. ^^H 



How many classes of rooks have we now studied r^^ 

We have noticed four classes of rocks, the calcareous, the 
silicious, the argillaceous, and the graniiic. 

These rocks make up the sohd parts of the whole ( 
If we remember the substances of which these four c 



! are made, aad «faat has been aud of then, «a know flome- 
[ thing aboQt what seems to hsre been the ntost in^ortaofc 
[ matenals of which the world is boQL M 



What is soil ? — Son is the looee earth which rests upon 
. the solid rocks. It in made of the Game mAterials as tho 
[ rocks themselves. Indeed aoila hare been made by the 

h «pninhling nf m rfro- 




Is it difficult to see how sohd rocka could be broken and 
I grouud to powder to form the soil ? Look at this picture. 
I It shows how the wild sea^wavea have wora their way far ■ 
I into the solid rock of the coast against wluch they dash. £ 
I ^HiEit has become ot the rock, worn out from under thaA I 
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overhanging cliff? It lias been washed away, and now liea 
upon the bottom of the aea. Some day, perhaps, the sea will 
leave its present bed ; audi things have happened in the past 
What then ? This powdered rock will be a part of the loose 
dry soil. 

"Water is forever wearing the rocks away; and the air, and 
hent, and cold, are helping it. The eoil is little more than 
crumbled rock. 

What subBtanoes do soils contain? — The same Bab- 
stances which compose the roeka mnst also be found in soils. 
Silica, ahimina and lime are leading constituents, and we 
may name all those others which, as wg have learned, are 
found in the different classes of rocka 

Do soils contain anjrthing not obtained firom the 
rooks? — But soils do not get all their substanee from the 
rocka ; some things are given to them by plants. The vegeta- 
tion of one season decays the nest^ and the remains of it are 
left to enrich the soil. 

Of what tw^ parts do fbrtile soils consist ? — One port 
of the soil is derived from rocks ; one part from plants. Wo 
call the first the mineral part ; we call the second the organic 
part. 

Which is the larger part ? — The mineral part of soils is 
by far the larger parL It is more than nine tenths of the 
whole. In a hundred pounds of soil there are from three to 
ten pounds only of organic matter. 

What substances must a fertile soil contain ?— We 
have seen that plants get a part of their food from the soil 
and a part from the air. Now a fertile soil ia one on which 
. plants can flouriah ; is it not clear that a fertile soil must con- 
tain ail the substances that are found in that part of the 
food which plants mnst get from the ground ? 

What are these substances? — These substances are the 
ones that do not fly away when plants are burned ; they com- 
pose the ash that is left behind. 
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What are their names? Here ihej are: Silica, Hme, 
magnesia, potash, soda, oxide of iron, snlphoric acid, phos- 
phoric acid. 

All plants do not take exactly the same constitaents, and 
these eight are not quite all that are sometimes ioond in 
them. 

All these are to be fonnd in rocks and soiL The last three 
on the list were not described when speaking of the rocks ; 
it was because we can describe them better at another time. 
A fertile soil contains all these, and also a proper amount of 
organic matter — ^that is tc^ say, from three to ten pounds in 
every hundred. 

Having all these, is a soil necessarily fertile ?— But all 
these things may be present in a soil, and in good pro^rtions 
too, and yet the soil will not be a fertile one. How is this ? 
The soil may be too wet ; it may be too compact ; too coarso 
or too cold. To be fertile a soil must have the right chemical 
composition ; but this is not enough, it must be in the right 
physical condition also. ' 

But we must not pursue this subject further now. It is well 
to stop just here, lest we find ourselves studying the science 
of agriculture instead of chemistry. 
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What is an element J — An element i 
has never yet been sepnrated into any other kinds of matter. 
(p. 29.) 

Name the elements which -vre have noticed in our 
study thus ikr. — We found tbut mater ia made up of : 
Oxygen, 
Hydrogen. 
In the stndy of air we added to the flat : 

Nitrogen. 
In the stndy of plants wo found besides these : 

Carbon. 
In studying the soil we found : 
Silicon, 
Alnminum, 
Calciain, 
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Potassium, 
Sodium, 
Magnesium. 
How many elements are Imovm to exist ? — By mak- 
ing experiments to learn the composition of bodies, such as 
air, water, earth, and a host of other things, chemists have 
found sixTT-THBEE demcuts. It is possible that there may be 
others, still hiding in some comer of the world which chem- 
ists have never looked into, but this is uncertain, and hence 
it is supposed that everything in the earth or around it is 
made of these 63 elements. 

Are all these very dommcm ? — Only a few of these 63 
elements are to be found in common things. We have 
learned the composition of air, water, earth and plants, and 
have described only ten elements in so doing. Had others 
been as common as these ten are, we should have described 
them also.. There are a few others, however, which are very 
important, even if very much less abundant than the ten 
we have named. But when we have added these to the list 
it will not include more than one third of the 63. The re- 
maining ttw thirds are very rare. 

What are the names of those -^hioh it is import- 
ant fbr US to add to our list? — ^To the hst of ten al- 
ready named as most abundant we will now add the follow- 
ing important elements : 

Chlorine, Zinc, 

Bromine, Tin, 

Iodine, Lead, 

Sulphur, Mercury, 

Phosphorus, Silver, 

Arsenic, Gold, 

Iron, Copper. 

Let UB next endeavor to become acquainted with these 
strangers. 
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About ono hundred years ago —it ^ 
iah chemist bj the name of Soheele was studying the Mtion 
of liydrochloric acid on a black powder known as the " black 
oside of manganese." To his Burpriso a heavy gi-eenish gas 
was produced. Thia gas waa chiurine ; it had never 1; 
found before. 




HoTW can ■we olitain ohlorine ? — ^To obtain thia gas 
we may use the apparatus ahown in Fig. 48. We will put 
some of the manganic oxide — such as Scheele UBed — into .% 
flaak such aa is shown at the right in the picture, a 
close it with its cork. Wo will next pour soma Lydi 
rio acid through the funnel-top tube into the f 
then finally we will apply a gentle heai 
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What now happens ? — The acid gives up the chlorine 
which it conttuas. Tiiia gas passea over throagh the bent 
tube into the bottle ^vith three necks. This bottle contains 
fiome water, and the ga--< will he wcuthed by bubbling through 
iL Passing from this bottle it goes over through another 
bent tabe into a tall jar holding some calcic chloride, by 
which the gas toill be dried. The dry pore chlorine will then 
go over into the receiver. You see that the tube will cany 
a down to the bottom of this receiver and the chlorina 
will fill the vessel gradually from the bottom without miTing 
with the air. 

What ara some of Its physical properties J — Chlo- 
rine w « yeUowish-greeti gas. Sir Humphrey Davy gave it 
■ttie name it bears on this accoonL He took the Greek word 
dtloroa, which means green, and made the name chlorine 
from it. 

Chlorine has a very flrong and suffocaiivg odor. TVhen- 
erer it is used fur experiments a little is hkely to escape into 
om, and even if the quantity be very small, it will give 
a peculiar odor to all the air in the room. It Js very 
diflicult to tell another how this gag smells ; its odor is so 
■peculiar that it must be received in order to be known ; bat 
once received it will never be forgotten. 

Chlorine is a very heavy gas. This is seen in the experi- 
ment preparing it, else why should it stay in the open jar 
like water. It is about 2^ times as heavy as air. 

Chlorine is soluMe in water. Let us take a bottle half filled 
with water and fill the other boll with chlorine gas. Let 
a cover the mouth of the bottle closely with the palm of the 
liand and shake its contents violently, Kothing seems to 
!luive changed. But let us take the hand from the mouth of 
tile bottle : a dull report is heard at the moment. Now this 
Round is caused by air rushing violently into the bottle ; but- 
^^ f could not get in unless the chlorine had been removed. 
\niAt has removed it f "Dk vxUer mttat have dissolved it. Ever; 
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cnbio inch of cold water can disaulve more than two cnbic 
incbea of chlorine gas. 

Desoribe an experunent with chlorine and hydro- 
gen. — het a etrong but trauaparent glasa bottle be half filleil 
with hydrogen and the other haU filled with chlorine. Coyer 
it with cloth and remove the bottle to a place where the 
bright rajB of the sun can fall upon it. Very cautiously take 
away the covering. A startUng report like that of a small 
gun will be quickly heard. 

What has happened ? If we examine the contents of the 
bottle we shall find no chlorine, no hydrogen. We may find 
hydrochloric acid instead of the gasea we pat in. 

What does the expeiinient sho^? — We may leom 
from this experiment that chlorine has a dwng alti-acHon far 
hydrogen. This attraction brings the two gases violeiitly 
together and binds them both into one new substance-:- 
hi/drochtoric acid. 

Describe an experiment with a burning taper. — Let 
a burning taper be lowered into a jar of this gas, A 
curious set of things quickly happens. The white fiame of 
the taper is at once put out ; a red flame very quickly takes 
its place, while htrgo volumes of black amoke are given offi 
Let KB ciamino these things further. 

What is the blaok smoke ? — The black smoke is chiefly 
carbon. The wax is made mostly of carbon and hydrogen, 
and, while burning with the red fiame in chlorine, its carbon 
flies off as smoke. 

What do -we learn ftton this ? — We see here that chlo- 
rine does not readily combine with carbon ; or, as the chemist 
tells it, chlorine has little attraction fur carbon. 

What causes the red flame? — The hydrogen of the 
wax is seized by the chlorine in the jar, and the red flan>e is 
caused by their violent anion. Here we have a fine illustra- 
tion of the fact learned before, that chlorine has a strong at- 
traction for hydrogen. 



Describe the experiment -with chlorine and ink.— 
Xist a3 fill a goblet h:il{ full of water and tlien put in bluck 
ink enough to give tbo liquid a good deep color. Then let 
Qa pour some of the solution of chlorine and water into the 
black liquid iind we shall see the bhtcli color disappear, slowly 
it m!ty be, but entirely. The dark colored liquid is blenched. 

May other coloring matter he used 'with a simi- 
lar result ?— Ked iuk will be bleached in the same way ; so 
mil blue litmus. M 

If you have a few chips of logwood you con make the fol-l 
lowing experiment : Pour some hoihng water upon thol 
chips ; they will give up their coloring matter and you will 
have a deep red hqiiid. Add chlorine solution to thla liquid 
and its red color wiU quickly disappear. 

Or you may take the most deeply and gaily colored flower 
to be found, and hang it in a jar full of moist chlorine gas. 
Its beautiful colors will gradually fade away until only a dull 
■white 13 left ia their places. 

Why does chlorine destroy oolora? — The chemist 
easily explains this action. Ho says that hydrogen is one 
of the elements in most coloring matters, and that the chlo- 
rine can take this element away from them. The colors are 
thus decomposed and new substances mthout color ore 
formed. 

In some cases the action may not be e:cactly Uke this. 
The chlorine may set oxygen free in the substance, and the 
oxygen may then attack and decompose the coloring matter. 

What use Is made of the bleaching power of ohlo- 
zine ? — The art of bleaching cotton cloth depends on this 
power of chlorine. The dingy yellow cloth is first thor- 
oughly washed and then steeped in a misttire which gives 
off chlorine g:ia. The gas attacks the color, conquers it, 
aad then, when the cloth is afterward 'washed, it is white. 

The rags out of which white paper is to be made are- 
fiist bleached by the action of chlorine. 
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What ■will chlorine remove hesldes color? — Bad 
odors ai-a destroyed by clilorine. Even those which come 
from decaying animal and Tegetable matter are too weak to 
resist its power. Hence chlorine 13 called a dvnnfpclant. It ia 
of very great value in sick-rooms and hospitals where un- 
pleasant and imwholesome odors are likely to be met. 

Why are bad odors destroyed hy chlorine J — Tho 
actioa is like that in bleaching. Hydrogen is an element 
in the substances having' the odor. It is taken out by chlo- 
rine, and the odor is thus removed. 

"We see then how very useful to man ia the strong at- 
traction which esista between chlorine and hydrogen, 

Describe the expeiiment with chlorine and antl- 
F't'. I'J. mony. — Antimo- 

ny is a brittle, shi- 
ning raetai, and 
one of the last 
person 
would expect to see 
buvning. But let 
powdered an- 
timony be sprin- 
kled into a tall jar 
full of chlorine gas, 
and it will fall to 
the bottom in a 
lower of vivid 
sparks, (Fig. 49.) 
Every little grain 
of metal takes fire 
when ittouches the 
chlorine ; they ail 
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strong attraction between chlorine and antimony. The 
"white vapor is a compound of these two elements. 

I3 there strong attraction between chlorine and 
other metals ? — Let other metals be used instead of anti- 
mony ; a similar action will take place, showing that chlo- 
rine has a strong attraction for them also. 

Are these compounds of chlorine and metals com- 
mon ? — Compounds of chlorine with some metals ore scat- 
tered very widely in the sea and in the rocks and soils. 
Such compounds are called chlorides, because they contain 
chlorine. The chloride containing silver is found in many 
parts of the world ; it is a rich and abundant ore in Chili. 

What is conunon salt? — Common salt is a chloride; in 

chemistry it is called sodic chloride, because it is a com- 
pound of sodium and chlorine. 

Where is it found in natiure ? — ^Vast quantities of salt 
are dissolved in the waters of the ocean. Small quantities 
are scattered in minute grains throughout the soil almost 
everywhere, and even in the air this substance is constant- 
ly floating in minute particles. 

Water from the clouds soaking through soils and rocks 
where sodic chloride is to be met in more than usual quan- 
tities dissolves it and becomes salt water. This water may 
be found in springs or caught in wells, and it is by evaporat- 
ing it that nearly all the salt of commerce is obtained. 

BBOMINE. 

A little more than half a century after the discovery of 
chlorine — ^it was in the year 1826 — M. Balard, a French 
chemist, found another element with properties much hke 
those of chlorine. Its odor was found to be so strong that 
in honor of this characteristic the element was called bromine. 
The word is from the Greek word hromos, which means stench. 

Where is hromine to he fbund ? — ^Bromine is not very 
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Dibondant., but it does exist in the waters of some mineral 
springs, and in lai^er (jnantitiea in the waters of the sea. It 
is always found in combination, and its compounds are called 
bmmides. 

What are some of its propertlea ?— Bromine is a liquid. 
A very gentle beat changes it to gas. It has a beautiful dark 
red color. 

This element combines easily with hydrogen and with 
metals ; in this respect it is like chlorine, and like that ele- 
ment it is able to remove colors and to destroy bad odonk^^f 

IODINE. ^^ 

K. Courtois was a chemical manufacturer in Paris. Ha 
was engaged in making soda and was using the ashes of sea 
weeds for this purpose. A dark colored liquid was left in 
his kettles and attacked the metal of which they were mode. 
When some sulphorio 
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. put 
it, this hquid gave 
up a Bubstanco which 
when heated changed 
to a beautiful violet- 
colored vapor. This 
proved to be a neif; 
element, and 
called iodine. 
woid, from the Greet 
word iodiK, means vio- 
lel-ci/loi'ed. 
Where is iodine to be found 7 — Iodine is a constituent 
of sea-plants, as we may know from the story of ita discovery. 
The sea contains it in small quantities, and so do the waters 
of some mineral springs. It is an clement in eponges, 
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in oysters, and in some fiahe& It is alwa js foand eombined 
with other sabstanoes. 

What are some of Its properties ? — ^Iodine is a solid. A 
gentle heat melts it and a httle higher temperature changes 
it into its beaatifol Yapor. 

Water dissolves it^ bat a single graia will take no less than 
7000 grains of water to dissolve it How small this propor- 
tion of iodine ! and yet it gives to the whole body of the water 
a brownish yeUow color ! Alcohol will dissolve it in large 
proportions. 

With "What elements does iodine readily oomibine? — 
Iodine combines with hydrogen and with many metals. In 
this respect it is much like chlorine and bromine. Its com- 
pounds are called iodides. 

Some of its compounds with the metals are remarkable for 
their very brilliant colors. 

Havr may vre produce the oompomid of iodine and 
mercury ? — ^Lct us put a httle potassic iodide, whidi is a 
compound of potassium and iodine, into a test>glass partly 
full of water, and then we will add a Uttle solution of corro' 
aim sublimate, which is a compound of mercury and chlorine. 
No sooner do the two hquids touch each other than clouds 
of a new bright yellow-colored substance are seen. But the 
yellow color will not stay ; it gradually changes into a beauti- 
ful scarlet. This scarlet-colored substance is a compound of 
mercury and todine, and it is called mercuric iodide. 

What is the test fer iodine ?— There is one thing 
which can be done by iodine and which nothing lelse can 
do. Notice the experiment : 

Take a sheet of paper, and with a small brush write 
upon it your name with a solution of starah. Next throw 
some iodine upon a hot surface ; it will be quickly changed 
to vapor. Hold the paper in this vapor so that the starch 
will be struck by it^ and behold I your name comes out into 
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fiight At once, Borpming 30a by the beaiitifol Uve color of 
ita lines. 

Such a blue ie always prodnoed nhen starch and tlie d- 
ement iodine come in contact liet as turn the sentence 
nronnd and notice that wherever this blue color is formed, 
there starch and iodine have come in contact In this way 
starch beoomea the "test" for the presence of iodine. 

What are the uses of iodine? — The physician finda 
iodine very naefnl as a medicine. It is of great Bervice in 
curing certain diseases of the throat 

The photographer finds it very valuable in the art of ^ 
tnre-making. 

The element itself is sometimes used in medicine, but tha 
compounds of the elements are more generally used in the 
arts. 
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Sulphur is a very common substance. We Icnovr it m 
fine yellow powder, and as "rolls" or "sticks," and have 
doubtless seen it put to some of its many uses. Who first 
discovered it we cannot tell, for it seems to have been 
known and used in the most ancient duys of which we 
find any account Though so common a substance, yet there 
are some things about it which the young are not likely to 
know, but which they will be ashamed not to. know when 
they are older. 

Where is sulphur fbund ? — It is a rare thing to find 
an element in the earth not combined with others, but svl- 
pkur is one of the few which are found free. It is fonnd 
in countries where there are volcanoes, or where these fire- 
motmtains have been active in time past In the island of 
Sicily it is found in large beds in the earth, and immense 
quantities are there taken from mines to be sent all orei 
the world. 
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In -what other condition Is sulphur found ? — Snlphi 

3a fouml combined wilh inf(oLi in the rocks and soila almt 
*Terywhere. Tlieee compounds are called sulphi 

The suiphicle of ii'on 13 a brassy- looking eubetance very 
common in many rocks. It 13 often found in tbe form of 
little cubes, as perfect as if they had been chiselled by an 
artist. 

Sometimes it is foaod 
scales. There is anothi 
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the form of thin, shining', yellow 
metal, you know, whose color is 
yellow, a very different thing, and yet ignorant people haye 
often been sadly deceived by this worthless compound ; 
this account it has been called " fool's gold." Iron pyrites 
is its better name. 

- Are any of these sulphides valuable 7 — They are 
nil as worthless as fool's gold. These sulphides ore ol 
the substances from which the metals are themselves 
tained. 

The common metal, lead, is never found free in the er 
The substance found in the earth from which this metal is 
taken is called galena ; but what is galena ? Simply a com- 
pound of lead and sulphur. 

Silver and copper and zinc are also among useful m^ 
tals found in combination with sulphur in the rocks. 

From -what source is the sulphur in commeroe ob- 
tained ? — The mines of Sicily and of Italy yield the larger 
part of all the vast amount of sulphur used iu the world. 
It is said that these mines give out no less than 80,000 tons 
of sulphur every year 1 

Is it ready for xise as it comes &om the mines t — In 
these places the sulphur is found, as wo have said,/rec, that 
is uncOmbined, but yet it is very far from being ready for 
the market It is not in combination, but it is mixed with a 
great deal of earthy impurities from which it must be sep- 
arated. 
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How is it purified ? — Salphnr ia easily clianged into 

■ Tapor hy heat ; tbe earthy impurities are not. Let tbe mix- 

I ture be heateJ, then, aod the Bulphur vapor Trill pass awaj 

f and leave the impurities behind. The vapor, being cooled 

is sulphur very mach more free from eartlty matter 

than before. 

It is heated a second time to remove the impurities vhich 
tbe first process did not. This time the vapor la ran into a 
large chamber, and it is condensed upon tho cold walls in 
very fine powder. This powder is tho " flowers of sulpbur" 
which is so common. 

When tbe chamber is smaller its walls become too Lot to 
collect tbe powder ; it is then melted and tbe liquid runs 
down upon the floor. It runs into channels in tbe floor 
which lead it out of the chamber into moulds. In this way 
the familiar sticks of " roll brimstone " are made for the 
market. ■ 

Describe the experiment of melting sulphur in in 
paper dish.~Put some flowers of sulphur upon a piece of 
common paper and hold tbe paper over tbe flame of a lamp ; 
the sulphur may be melted without tbe paper being scorched. 

What does this show t — This shows that sulphur melta 
at some low temperature. 

Other experiments have shown that the melting of sulphur 
begins at 230° i\ This is only 18° above the temperature 
of boiling water. 

What change is produced by heating the melted 
sulphur? — When melted at as low temperature as it ci 
sulphur ia a very pretty, Hmpid, yellow fluid. A curious 
change occurs if it be heated to a higher temperature. 
270° it begins to grow dark-colored and to get thick. Darker 
and thicker it becomes as it gets hotter, until, at about 500°, 
it is almost black, and is so very yiscid that it will not flow i 
from the vessel even if turned bottom upward. 
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What happens if stall more heat is applied ? — Make 
tlie hot sulpliiu' Btili hotter and tho dark-oulored, nlmort 
Solid eubatunce, grows less viscid agftio ; it can be poured 
from the vesaei very mach hke thick airiip. 

What happens if this hot sulphur is suddenly cooled 7 
— Another atvauye cliango hiippeng. Let this very hot Bul- 
-phnr be poured into cold water ; it cools into a eubetance 
-which looka liko iudia rubber. If we handle it, we find that 
it is like india robber in other things besides jta color ; it is 
tough and ela^-lio. Who would think it to be the same sub- 
stance that a few minutes before was a jellow powder! 

At -what temperature -will sulphur take fire? — 
Heated in the air to about 600° sulphur takes fire and bums 
with a pale blue flame. This is a low temperature to pro- 
daoe flamo ; most bodies need to be heated up to about 1000" 
before their flame appears. 

What new substance is fbrmed vrhen sulphur bums T 
— Sulphur and the osjgen of the air when hot attract each 
other with much forca Their httle particles strike each 
other so violently that fire is produced. They then cling 
together and are henceforth known as neither sulphur nor 
oxygen, but as a new thing called sulphurous oxide. 

This substance is formed when a lucifer match begins to 
bum, and every one knows its odor whether he has ever 
heard its name or not. It is a colorless gas. ' 

lathis oompound usefill?— The gas isveiy soluble in 
water and the solution is used for many purposes. ItW 
called sulphurous acid. 

The gas has a strong bleaching power, and it is Ksed in 
bleaching straw and woolen goods. A milliner wishes to 
whiten a straw bonnet; she may hang it in a small chamber, 
which is sometimes nothing more than a barrel turned bot- 
tom upward, and then burn some sulphur under it. The 
fames of sulphurous oxide enter the straw, destroy its coIotj 
and leare tho bonnet white. 
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Name another vslual9le oompound of sulphur. — 

Sulphuric acid is one of the inoBt important compounds 
kaown. Its elements are Balphur, uxygeu and hydrogen. 
Notice bow little its name differB from that of the other com- 
pound mentioned. That is sulphurous acid ; this is sulphuric 
acid. The names are so much nlike because the two things 
are mode up of the same elements — stdphor, oiygea uid 
hydrogen. 

In the first name the Trord anlphnr has ous added to It; in 
the second, ia This is so because there is a less proportion 
of oxygen in the first than in the second. 

The endings ous and tc are very often used in chemical 
names when two substances contain the same elements. Re- 
member that ous is used in the name (^ Ikal which conlaiiis a 
LESS proportion of (he etemenl. 

What kind of a substance is sulphuric acid ? — Snl- 
pburic acid is a, heavy, oOy-looking liquid ; for this reason it 
is often called oil of vitrioL If we taste it we find it to bo 
sourer than the strongest vinegar. If we totich it we find 
our fingers smarting almost as if it had been fire. If we 
drop it upon our garments we find them turning red wher- 
ever touched by it^ and that, some days after, the red sj 
crumble into holes. 

Describe a simple experiment ? — Let ns plunge a 
der rod of wood into a veasel of oil of vitrioL It comes 
as block as if it had been scorched- Indeed the wood ia 
changed very much as it would be by fire. It is the carbon 
of the wood which the add leaTcs to show the black color 
which we see. 

What do vre leam trtjai this 1 — ^We may learn from 
this that sulphuric acid has a strong attraction for the hy- 
drogen and oxygen of the wood. It takes these elements 
away and leaves the carbon behind. 

In what other -way does this acid show its 
traotian fax these elements ? — The following 
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win Iidp US to remember this striking ebaractcr a( snlplitil 

Into a rei7 thin glftse vessel, caQed a beaker glass, n 
some sulphuric add, and then »dd about oaeJootlh as n 
water. Tiie beaker quickly beoomea too hot to handle ! ' 
a test-tube partlj fUlexI with alcohol, and plunge it into the 
mixlTire ; the alcohol n-ill boil almost as quicldy as if it wera 
held over a lamp flame 1 

"Whj this stroDg beat withont fire ? It is because the acid 
and the water hare Buddsnlj combined, and it is the sign bj4 
which the acid tella us how ready it ia to combine with hj-"^ 
drogen and oiygen — the elements of water. 

Is this attraction used to any advanta^ by the oho* 
mist? — The chemist very often needs the gases with which 
he works to be perfectly dry ; he remembers this stroug aU 
traction between snlphurio acid and the elements of vrateTi 
and makes his gas bubble through some of the acid IfctJ 
comes off dry. 

What are some other uses of this aoid ? — Sulphiirio 
acid is used in making a great many other Bubatimces used 
in the arts, such as soap, soda, alum, and many other kinds 
of chemicals. . 

It is used in coloring cloth, in printing calico, and ihcn, at ' 
other times, in bleaching them. 

Many thousand tons a week of Bulpburio Ewid are made and'' I 
distributed over the world to be used for a multitude of puiv'l 
poses in the arts. 

What compound does sulphur and hydrogen form t^ I 

— Sulphur and hydrogen are found combined in a BubMlnno« ~ 
called sulphuretted hydrogen. It is a colorless gas ^ 
odor like that of decaying eggs. 

For 'What is this gas used ? — It is a very useful gaa t^J 
the chemist in his laboratory work. It ia a iwri of t«ll-tali^ J 
zeady to inform the chemist of the presence of e« 
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tab in compoande, -where they may be bidden. It does this 
by giving up its suiphur to the metal in solation, and thus 
forming a new substacce, whoae color generally reveals the 
the naino of tb« metal itself. - 

Where is it found in nature ? — This gas is fonnd in 
the waters of "sulphur springe." All the Bulphur which 
snch Eprings contain is in the form of this gas. They owe 
their nanseons taste and odor to sulphuretted hydrogen dis- 
fiolved in theii- waters. 
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of the flame kind. A solution of this g«s nuj be miute hj 
passing it throogh vnter in botdes anunged as seen in Fig. 
6L Being set free in the flask at the left it bnbblM 
fhrongh the wat«r of the four bottles in sDcoession. Thft 
chemist often nsea this solntiou instead of the gtis itaeU. 

This nauseous gas is often given off by decaying ftnimal 
ftad vegetable matter in man; places. 

PHOSPHOKUa 

We eoiue now to spend a little time with an dement vhioh' 
waa diacovered more than 200 years ago. In 1669 a man hy 
the name of Brandt, in Hamburg, vas making experimenbl 
in hope to find the " philosopher's stone," by the touch ol 
vhich be expected to bo able to turn any substance into 
gold. Of course he found no such thing as that, but bo did 
find a TOry extraordinary substance. It was a wasy looking 
Bolid, yellow by daylight, hut ahining with a pearly white 
light ill. the dark. It burned furiously at the least provoc** 
tion by warmth, and, on the whole, was so strange In it« ao* 
tions that the superstitloua chose to name it " The Huu of 
Batan." It proved to be an element, and it is called ph( 
phoros. 

Wbere Is phosphorus to be found In nature 7 — This 
curious element is never found free in nature, but, on thft 
other hand, its compounds are to be met in rooks und aoili, 
in plants, and in animals. 

What are these compounds called t — The compoundi 
thus widely distributed are called phosphates. Their elumiinta 
are phosphorus, oxygen and n meloL Tlie one most abundant 

the calcic phosphate. It has this name because it contain* 
the metal calcium with the oxygen and phosphonia. 

In ivbat part of plants Is this element chiefly fbuiul ? 
—In the com plant, for example, we find phosphorus in it« 
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beiiiels. Id wbeat and in oats, «e find it in the grains, more 
tban in other parts. It is generally trae, as in these cases, 

that phosphorus is an important eifinrnt in the seeds ofplanlK. 

In Tirhat part of nnimaln is it most aliundant ? — ThiB 
element is nbundant in the bones of animals. Let ns gain 
Bome idea of its quantity tliere. Almost one half of the 
Yreigbt of the bones in an animal is calcic phof^phate, and 
about one fonrtb of the calcic phosphate is phosphorus. The 
phospliorus you may notice is about o7ie tighlh of the weight 
of bone. 

Now the skeleton of a man weighs perhaps as mueb as 
tweWe pounds. In such a frame thexe -would bo abont a 
povnd ani/ a half ot pure phosphorus. 

In -what other pEirts of an animal is this element to 
be found ? — This element is always present in the brain and 
in the uerves of animals. That it is of the highest import- 
ance to these organs is shown by the fact that unless aa 
animal eats food containing it, 80 that these parts can be enp- 
phed with phosphorus, it becomes torpid. 

From i^hat ia phosphorus obtained fbr the market ? 
— Phosphorus is manufactured from bones in contiiderabla 
quantity for use in the arts. 

The bones are first burned ; they become white and yeiy 
brittle. When they are afterward crushed the powder la 
called bone ash. From this the phosphorus is obtained. It 
comes to market in the form of round " sticks " four or fiTS 
inches long and about a half inch in diameter. 

What are some of its properties ? — In color it ia like 
yellow was, hut it is much harder than that body. It haa 
the curious power lo sliine in the dark; it gives a most deli- 
cate pearl-white light. 

But its most fearful quality ia its combustibUity. A safe 
and easy experiment shows how easily itisseton fire. Thus: 
put a bit of dry yellow phosphorus between two thickDeflaflVj 
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of paper and place the little bundle on the floor. Then r 
it with the boot and it vnll burst into Same. 

To nib it with the warxo fiDgers will iBflame it. The frio-" 
tion of a knife blade in cutting it will Eometiniea produce 
beat enongh to start the furious burning of this etrange 
elemenL 

How can such a eubstance be B&ie\j handled ? It is I 
under water, and it ought to be cut under water to avoi 
accident. 

Hb-w may it be changed by heat ?— Let some phos- 
phorus be put into a vesed, full of caibonic dioxide or nitro- 
gen, which will not acfupou it, and then let heat be applied. 
In this case the phosphorus will not bum, no matter how hot 
it becomes. But at a temperature about 480° F. a curious 
change takes jJace. " The melted phoHphoma becomes sohd, 
opaque, and of a deep red color." 

This " red phosphorus " may be exposed to the i 
handled with Tery little danger. 

What is one of the loaes of phosphorus? — Large 
quantities of phosphorus are used ia making/n'c(ioji malchea. 
The ends of the matches are tipped with a paste containing 
phosphorus. By rubbing them upon a rough surface, fric- 
tion gives beat enough to set this phosphoms on fire. But 
who has not noticed the sulphur which is to be eeen on the 
wood of the match near its end ? ^Vhy is it there ? It is 
because so little phosphorus as may be in the paste, at the 
end, may burn viUhovl being hot enough to set the wood 
ablaze. It will be hot enough however to set sulphur on fire, 
becanse it takes only a low temperature to do that, and the 
burning sulphur will be hot enongh to inflame the wood. 

What are " safbty matches ?"■ — lu the Up of a safety 
match there is no phosphorus, but there is a substance 
which will cause that substance to bum if it have a chanoe 
to do so. Now on the other side of the match-box ther 
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a paper smeared over with a mixture containing some pow- 
dered " red phosphorus." Let the match be mbbed on this 
and it will be set on &:e, bat it may be rubbed over any 
other rough surface without danger. 

What are '' parlor matches?" — ^Parlor matches are 
made without sulphur, and we may use them without en- 
during the. suflfocating odor of the common " lucifer." 

Let us describe a little experiment. Take a bit of potas- 
sic chlorate about as large as a grain of wheat, aAl another 
bit of phosphorus about the same size. Wrap them closely 
together in a piece of brown paper and lay the httle bundle 
on an anvil, or some other hard, smooth surface. Strike it a 
smart blow with a hammer ; a sharp explosion instantly oc- 
curs, and the paper is likely to be set on fire. 

Now in the tip of a parlor match there is potassic chlor- 
ate and phosphorus. Strike it on a rough surface ; it ex- 
plodes and bursts into flame. 

To Tvhat is the burning of phosphorus due ?^Phos- 
phorus burns only when in the presence of oxygen. It is the 
very strong attraction between these elements which causes 
the combustion. 

What substance is fbrmed by their union? — ^All the 
compounds of oxygen which contain one other element are 
called oxides ; its compound with phosphorus is an oxide, and 
because this oxide contains phosphorus it is called phosphoric 
oxide. 

HoTV may vre produce it ? — ^Let us describe the experi- 
ment Put a piece of dry phosphorus upon a little dish and 
stand the dish in the middle of a large dinner plate. Touch 
the phosphorus with a hot wire and quickly cover it with a 
large dry gas jar. A beautiful light fills the jar at once. 
Masses of milk-white vapor are quickly formed, and very 
soon snow-white flakes will be seen, some on the sides of the 
jar, others falling, like snow in a little snow-storm, to the 
plate below. 
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This snow-white solid ia phosphoric oxide; you will remem- 
ber why this name was given to it 

Describe the action of ^water upon it ^Pour a little 

water upon the plate so that it shall touch tho white oxide, 
and notice : a hissing sound is heard, as if a hot iron had 
been plunged in water, while, at the same instant, the oxide 
disappears instantly. 

Now what does this mean ? Just this : the phosphoric 
oxide has'combined with the water, and the curious action 
shows us how ready these two substances are to embrace 
each other. 

What is the ne-w compound ? — This new compound is 
called phosphoric acid. It is intensely acid, that is, sour to 
the taste, and its elements are phosphorus, oxygen and 
hydrogen. 

AESENIC. 

Every person is famihar with '' arsenic " as the name of a 
very powerful poison, and many have seen the white sub- 
stance, so deadly, which bears the name. But before we 
begin the study of arsenic let us learn that the white sub- 
stance just mentioned is not arsenic itself, but a compound of 
that substance. 

What is arsenic ? — ^Arsenic is an element It is a solid 
substance with a steel-gray color, and a lustre hke the me- 
tals. It is very brittle and easily powdered. Its powder is 
sometimes sold under the false name, " cobalt," to be used as 
a fly-powder. It'is an active poison. 

Where is arsenic to be found? — ^Arsenic is found in 
the earth. Neither plants nor animals contain this element 
naturally, so that if a chemist finds it in an animal substance 
he is very sure that it has been placed there for some other 
purpose than to promote the growth of the body. 

This element is sometimes found free, but such native arse« 
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mpound of arsenia i 

," bat whicli ia properly called 



nio is not common. It is oftener found combined ' 
tals and with sulpbnr. 

In commerce we find the 
gen, commonly called " 
" ar!<enoiei! oxidn." 

How is arsenous oxide obtained? — In Silesia, Ger- 
many, there ia found a minei-al which conliiinH arsenic with 
iron and sulphur ; ita curious name ia miipicixl. From this 
mineral most of Ihe araenoas oxide of commerce ia obtained. 

To get the oxide from mispickel, the mineral is roasted, 
that ia to say, it ia heated in a coirent of air. The hot oxy- 
gen of the air takes the arsenic from the hot mineral, and the 
two elements combine ; arsenoaa oxide is the resolt. 

Wliat are some of its properties ? — ^This substance is 
a white solid ; it can be dissolved in hot water, in cold water 
not so well. Its solution is almost tasteless and colorless, 
and without odor. It is a moat fearful poison. 

But while this compound is so fatal to the life of an an- 
imal, it has the strange power to preTent the decay of ita 
body. It ia nsed to destroy rats, mice, insects, and some- 
times for the terrible purpose of taking the Uvea of men. 
On the oUier hand, it ia made to do good service in ihe ] 
servation of the stuffed or dried objects ol natoral I 
to be found in must ^^ 

Can the presence of arsenic be proved 'with oer> 
tainty? — The chemist has studied the compounds of this 
deadly element, until be has so well learned their characters 
that he can tell with absolute certainty whether they i 
present in any suspected substance. 

Name one of like most satisfketory tests. — There-4 
many processes by which the poison of arsenic can be teste 
we will not now try to study them all. That known i 
Mark's leal is among the Tery best Let ns try to nnde 
stand this one. 

Deaoribe an experiment. — Let some pure zinc, 
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water, and pure snlpliiiric acid be put into a bottld together- 
Hydrogen gaa will be Bet free, and if the apparatus is proper- 
I ly arranged (Fig. 52) we may set fire to the hydrogen as it 
I escapes from the small end of a glass tube, and thus obtain 
I an almost colorless flame. 

Let us next pour a few 
drops of a solution of arse- 
nic oxide through the fun- 
nel tube into the bottle. 
The flame is colorless no 
longer ; it becomes larger 
and assumes a livid whita 
ness. Now why is this so? 
Explain this change. 
—The eiplaaution is ready. 
Hydrogen and arsenichave 
a strong attraction for each 
other, and in this esperi- 
ment the arsenic leaves the 
oxygen with which it was 
combined, and seizes the 
hydrogen which is being 
w gss, and it is this new compound 
which burns with such a death-like 



Bet free. They form a n 
of hydrogen and arscnit 
pallid flame. 

This new gas is called arsfniurelled hydrogen. 

What happens when thia gas bums ? — Whei 
burns it is decomposed. Its hydiogen and its arsE 
each other and combine with the hot oxygen of the 

How may its araenlo be caught ? — Now li 
white plate be held in the hvid flame ; u small brownish black 1 
■pot will quickly form upon it. This deposit is Oie element — il 
arsenic. 4 

What fkcts seem to oe proved by these experiments ? 
—Two facts seem to be proved by what takes place in these 
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experiments. The first is that hydrogen is able to take the 
arsenic out of the compounds which contain it. The second is 
that, the arseniureited hydrogen will give the arsenic up again 
when heated. 

Upon these two facts Marsh's lest is based. 

Describe the operation in Marsh's test. — ^In the first 
place there is a bottle containing some fragments of pare 
zinc and some pure water. Pure sulphuric acid is poured 
through the funnel-tube and hydrogen gas is set free in the 
bottle. Now trace this gas. It goes first through a bent 
tube into an upright jar. In this jar is some calcic chlor- 
ide. This substance is used in order to dry the ga& The 
hydrogen, pure and dry, passes through a long horizontal 
tube away from the jar, and is set on fire as it issues from 
the distant end. 

"When the hydrogen gas is burning very steadily, the li- 
quid supposed to contain arsenic is poured into the bottle. 

AYe know what must take place if arsenic is present, but 
let us repeat it The hydrogen will take the arsenic and 
form arseniuretted hydrogen gas, and this gas, pure and dry, 
will burn at the end of the tube. 

HoTV -will the arsenic Bhavr its presence ? — If very 
much arsenic is present the color of the fiame wiU show it; 
but whether the fiame looks livid or not, the .chemist will 
hold a cold piece of white porcelain across the flame, and if 
any arsenic is there a brownish black stain will be left upon 
the white surface. This stain is so different from any that 
can be produced by other things that the chemist need never 
err ; it is a sure proof that the substance being examined 
contains the poisonous substance. 

Hovr little arsenic vdU be enough to sho-w its pres- 
ence in this "way ? — ^It is said that even when so little as 
ztjI-ut^ of a grain in one hundred grains by measure of the 
solution is used„ there will be arsenic enough to show itself 
distinctly by Marsh's test 



In the most ancient of all hiBtories we are told of a i 

who was a cunning workman in brass and iion. It was 

I Bit Cain. He was the great-grandson of the son of Adam. ] 

Think, then, in what ancient times this valuable metal waa I 

known and lued. 



"Where is iron fbund In nEiture ? — Iron is found in th' 
rocks, in Iho soil, in pLiota, and the bodies of animals. Ni 
other metal seems to be so generally diatributed aa iron. 

hi ■what condition is it found ? — Very rarely indeed i 
iron found free. In combination with other elements it ex 
Uts in the earth and iu the rocks. These earthy and rocky I 
eompouads are called ores of the metal, and from these all J 
, the iron ever used, from the time of Tubal Cain until noVi^^ 
haa been obtained. 
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The picture shows an andeiit furnace in which ores were 
melted and compelled to give np their metal. It was a 
rude affair, but it was used in rude times. We Bhall sooa 
Bee what mora elegant structures have token its place in 
this enlightened age. 

What are the prmclpal ores of Iron ? — The ores 
of iron are very numerous ; we will not try to notice alL 
Those from which the metal is chiefly obtained may be 
ntmed as follows : Magnetite, hematite, carbonate of 
iron. 

What Is magnetite? — Magnetite is a compound of iron 
and oxygen. It has a shining black color, and is sometimes 
called black oxide of iron. Pieces of this ore are sometimes 
found which are strongly magnetic ; the loadalone, of which 
we often read, is nothing more than this. This strange pro- 
perty has given the ore the name it bears. 

This " magnetic iron ore " is very abtmdont in this coun- 
try. There are mountains made of it in Misaonri, and vast 
beds of richest quality are found in New York. 

What IB hematite ? — Hematite is another compound of 
iron and oxygen, but these elements are together in difierent 
proportions from what they are in the other ore. It contains 

Hematite is sometimes red and sometimes brown, and 
sometimes brownish yellow. It is found crystallized often, 
and the crystals are neither red, nor brown, nor yellow, but 
of a dark steel-gi'ey. Their fihapes ore often very curious and 
beauti^l. 

What is caxhonate of iron ? — This ore is made up of 
iron, oxygen and carbon. It ia generally mingled with day, 
and some other earthy matters, and on this account it Wib 
often called clay-iron sione. 

How IS iron obtained from, these ores ? — The ire 
obtained from those ores by a process which ia called e. 



ing. The ore is mixed vnth ooal and limeeioQe, and 
mixtnre is heated intensely. Let us stud; the operati 
carefollj. 

What kind of a flimace is needed 1 — The operatioa 
requires a very high tcmperatitte. No fire will be hot 
eoongh wliicli burns only by the draught of a chimney. We 
All know how much faster and of comse hotter a common 
fir6 will bum when fanned. So the furnace for smelting iron 
ores is one which has a strong blast of air driven into it t» 
drive the fire into its greatest fury. Such a furnace is called 
n blofi furnace. 

The picture (Fig. 54) 
will help ua to know 
how one of these great 
furnucea looks, and the 
other picture (Fig. 55) 
showB UB how the in- 
Eide is shaped. 

What is the size 
of the hlast ftimace ? 
^Theso furnaces are of 
different sizes of course, 
but the smallest is 
quite a large building. 
They are from 50 feet 
to 100 feet in height, 
and inside, at their wi- 
dest place, they ara 
from 12 feet to 18 feet 
in diameter. 

What is the inside 
form of the furnace T 
— Figure 65 repreaeuta 
the general shape of the ineide of a blast furnace. No- 
tice that its largest place is about one foutlh the distonoa 
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from the bottom toward the top. Next noitice th&t from this 
part Uie wiUls nlope both ways so that the rootn is Hmali hoth 
at the top and botlom. 

How is the fttmace barged? — Everything that goes 
into the fiimacG ia thrown in at the top, Pirst a hijer of 
fuel then a layer of crualieil ore, then a layer of broken lime- 
stone and then another of fuel, and so on alternating the 
layers until the furnace ia filled. 

What about the 
fire ?— The fire is etartr 
ed at the bottom and 
is driven by a blast 
of air. Notice in Fig. 
55, a pipe reaching 
through the bottom of 
the furnace into the 
chamber ; there are us- 
ually three. Thesepipes 
bring air from a blow- 
ing machine, and the 
air is driven through 
by the power of a 
steam engine. These 
blast pipes have the 
curious name, lui/eres. 
What happens in 
the fiimaoe ? — The 
ore is decomposed by 
the terrible heat and the carbon of the burning fueL 

The carbon combines with the oxygen of the ore and the 
iron is thus set free. 

The earthy parte of the ore and the limestone mixed with 
them melt together and form a glaasy-looking substance 
called dag. 

The iron seizes a httle carbon, then melts and mna i 




3 the bottom of the fomace into a fort of chamber prepared 
to eatch it. 

The melted Glag also rona down to the bottom, but it ia 
lighter than the metal and floats upon its sarface lite a acum. 

What becomes of the melted metal ? — la front of the 
furnace is a large level bed of sand. A channel is scooped 
through the middle of this bed, and it reaches all the way 
from the bed to the hearth of the furnace. From the large 
'Channel in the middle of the bed of eoud there are emaller 
ones reaching out each side, and then from these there are 
other branches about three feet long and three or four inches 
■wide. Look at the picture (Fig. 5i) and you will see the ar- 
rangement of this central channel and its branches also. 

Now about every twelve hours the furnace ia opened at 
'the Vwttom for the melted metal to run out. "Where con it 
It haa no choice of places ; it must flow down through 
the large channel and off into all its branches in the bed of 
Bond. There it ia allowed to cooL 

What is the iron thus obtained called 7— The iron 
thus obtained is the cast iron of commerce. The short bars 

t in the sand are known as pigs. Indeed, the east iron 
B oft«U called pi'j-iron. 

What are tiie essential constituents of oast iron? 
— Iron and carbon make op the pure cast iron. The carbon 
b a small part of it, only from two pounds to foor poimds in 
I. hundred pounds of metal. All the rest of the 100 pounds 
m iron. Cast iron dtmys contains the small proportion of 
learbon, and it haa properties quite different from those of 
pure iron. But cast iron is itself seldom pore. 

What is another substance in oast iron? — Silicon is 
ilao preaent iu cast iron. The quantity of this constituent is 
Tery small. Sometimes it ia not more than a thousandth part 
t the weight of the metal. At other timea it is as much as 
ne twentielh. But Ijttle as it is, it aflects the quality of tho 
Km. Too much of it makes the iron weaker. 
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Name another sobstazK^ in cast inm. — ^Phosphorus 
is also lonnd in cast iron. The proportion of this imparity 
is yerjT small ; not general! j more than the y^ part of the 
weight of uie metaL It is said to harden the iron and make 
it more easily melted. 

Name yet anothfir impiuiity of cast iron. — Snlphnr 
is not often absent from cast iron, bnt it is seldom present 
in so large a quantity as the -^ part of the weight of the 
metaL 

The presence of snlphnr is said to weaken the cast iron 
in Yorj high degree. 



A great quantity of cast-iron is nsed for many purposes in 
the arts. In order to make it into useful articles it must be 
melted, and the melted metal is then ponred into moulds. 
This operation is called casting. 

Now if you will look at this picture (Fig. 56) you will be 
able to understand how this is dona 

What kind of a furnace is used? — ^It needs a strong 
heat to melt pig-iron, and the fomace is such as to let the 
fire be driven by blasts of air. Yet it is very different from 
the blast furnace. It is called a cupola furnace. 

Describe the cupola furnace. — This furnace looks like 
a large iron cylinder with a door at some distance above the 
bottom for the iron and the fuel to be put into it, and a hole, 
called the tap-hole, at the bottom for the melted metal to 
come out. But it is not built of iron ; it is made of fire-bricks 
to withstand the heat, and only a thick casing of iron is 
bound over the outside. 

That you may have a clearer idea of its size notice the 
following description: "For melting five tons of cast-iron 
the cupola furnace is nine feet high and 3^ feet in diameter, 
clear of the lining." 

How are useftd articles of cast-iron made I — In the 
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first place monlds lire made in sand, just exactly the size and 
ahape of the article. 

Then, -when the melted cast-iron is ready in the fomaoe, 
the tap-hole is opened. A fiery stream of liquid iron poors 
oat ; it is caught in ladles by the workmen, who hurry it away 
to the moulds. The fluid metal runs into every little groove 
and comer of the mould and there hardens into the desired 
form. 

HoPT are these eastmgs proteeted firom rust? — ^The 
article— we will suppose it to be an iron kettle for the kitchen 
stove — is brushed over with linseed oil and then hung over a 
smoky fire. It is afterward dipped into turpentine. In this 
way it receives a shining black coat which protects the iron 
from the rusting action of the air. 



Cast-iron as it comes from the smelting-fumace is not fit 
to be used for some of the many purposes to which iron is 
put in the arts. 

• What must be done to make iron of better quali- 
ty ?— "When iron of greater tenacity and strength is needed, 
cast iron must be ] uriied. l!^ carbon, its sulphur, its phos- 
phorus, its manganese, if it have any, and its silicon, must 
be taken away. 

What element is used to do this ? — Oxygen is the ele- 
ment which can rob the iron of these impurities. But it 
will not do this unless it can come in contact with all parts 
of the melted metal Let us see how this is brought about 

What kind of a fiirnaoe is used ? —The furnace used 
for this work is called a reverberatory furnace. Look at Fig. 
57 and you will easily trace the following account : 

Describe the process. — The cast iron is placed upon a 
large hearth, D ; the fire is built in a separate part of the cham- 
ber. Flame and hot gases from the fire strike against the 
arched roof of the furnace, and the intense heat is thrown 




p from the roof down upon the cast iron. In a little time 
j iron begins to soften, and at length it becomes a pasty n 
of half-m.elteii 
tal. Then the fur- 
Da«e-man unstops 
a hole, B, thinists 
a paddle through 
into the paaty 
masB, and work- 
ing this paddle 
about (puddling) 
he thoroughly stire 
the metal, so that 
all parts of it are 
slowly brought in 

tact ^th tha^ 
hot air at the BUT- 1 

What happens then?— The hot oxygen o£ the air seizes 
the impurities, one after another, and forms new oompounJa. 
Some of these form a liquid slag, which ia drawn oflf out 
of the furnace, nib, while others are gases which pass np and , 
out of the high chimney. 
What is the result ? — The result is that the iron ia | 

■ soon left almost alone in the furnace. A large part of i 
carbon has been burned away and has gone off up the 1 
dumney, A large pai't of the other impurities are also I 

-burned ; hut some of the slag thus made ia attll mixed! 
with the purified iron. 

What ia next done ? — The fumaee-man then lifts ont »,f 
ball of this pasty iron, weighing pei-hapa 60 pounds, 
'even more, and puts it under the heavy blowa of an : 
inensa hammer, or sometimes between the rollers of a tre-J 
inendous squeezer. In this way the impmities which i 
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still mixed with the iron are pounded or squeezed ont, so 
that the iron is left more pure and compact. 

Hovr is the form of the block then changed ? — ^The 
mass of iron is then forced through grooves between two 
strong rollers. The tremendous pressure of these rollers 
squeezes the mass out into a long and slender rod or bar. 

Is anything more to be done ? — For the best quaHty of 
bar-iron, as this form is often called, the bars are cut into 
short lengths and bound together in bundles to be heated 
over again and rolled a second time into bars. By repeating 
these efforts the purest and strongest iron to be found in 
commerce is obtained. 

What is this iron called? — It is called &ar-irony 'some- 
times vrrought iron, aud often malleable iron. 



Neither cast iron nor wrought iron has the qualities which, 
render iron useful in all the various ways in which this metal 
is employed ; a third form is steel. 

What diffbrenoe bet'ween steel and the t^wo other 
forms of iron ? — The difference between steel and the other 
two kinds of iron is best shown by the use of fire and water. 

Let wrought iron be sti'ongly heated and then suddenly 
cooled by a plunge into cold water. Yery little if any change 
will be produced. 

Let steel be treated in the same way and it will be made 
almost as hard as diamond, and so brittle that it will snap 
before it will bend. 

Let this brittle steel be heated again to a point below red- 
heat and then cooled, and it is softened somewhat, and, what 
is more remarkable, it is made so' elastic that it will bend 
rather than break, and spring back again when released from 
the force. 

Cast iron may be hardened as much as steel may be, but 
it cannot be made elastic. 



What is the difl&renoe in their ootnposltion ? — Each 

oi tbese tlii'ee is composed of iron and carbon, but carefully 
notice the difference. Cad-iron contiiins the largest propor- 
tioa of carbon, wroughl iron the amallest, and deel a propor- 
tion between the other two. 

In \7hat way then \7ould it seem, that steel might 
"be made 7— It would eeem, then, that steel could be made in 
two ways : 

By taking atmy some carbon from cast iron. 

By adding some carbou to wrought iron. 

Steel, ao largely used in the arts, ia made in both these 
Tfays. 

How is steel made &om cast-iron ? — From two to six 
tons of cast-iron ia melted and then run into a large globe- 
shaped vessel made of a subatance which will not melt at the 
highest heat to ho attained. In the bottom of thia veasel 
there are many holes, and a strong blast of air is driTen 
through them. The air bubbles up through the melted metal, 
and a most furious burning begins. The oxygen attacks 
nlicon, and the anlphur, and the carbon, and some of 
jron also, and bums them into compounds with itself. 

In thia way the iron ia partly purified, but in giving up 
these dements it goea too far and gives away so much carbon 
that too little ia left By adding some cast iron to the pur- 
rified mass enough carbon is given back to change the wholft 
into steel. 

The globe-shaped vessel (conixrler) is then tipped upon' 
piTota, and the melted steel is run out into a ladle and then 
poured into moulds. 

Less than halt an hour is time enough to change these tons 
of cast iron into steel. The process is called the Bessemer 
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How ia steel made from ■wrought iron ? — In the old 

way of making steel, bars of wrought iron are packed in ehar- i 
coal and the two are shut up together in. air-tight boxes. I 



164 ELEMENTS. 

They are then made red hot and are kept so for several 
day& 

Daring this heating, carbon finds its way into the solid 
iron and changes the whole mass to steel. It is known as 
blistered steel, because the bars on coming out of their hot bed 
are foond to have a great many babbles or blisters on their 
sarface. 

The steel i? then melted and run into moalds. 

This process is called cementcUwn. The best steel is mad< 
in this way. 

OOPPEB. 

Tubal Cain, the great grandson of one whose name is 
written among the first pages of sacred history, was a skillful 
workman in many metals. Brass is among those named. 
But what is brass ? The brass so common to-day consists of 
copper and zinc ; that which was used by Tubal Cam watf not 
exactly this. It was made of copper, tin, and a little of 
several other metals, such as iron and lead. It contained 
copper, however, and this is the point which interests us 
now, for it shows that copper was known and used several 
thousand years ago. 

la -vtrhat oonditioii is copper fbiind in nature ? — Ciopper 
is sometimes found free in nature, but its compounds, or ores, 
are far more common. 

Where is native copper fbund? — The free, metallic 
copper is found in the noted mines of Cornwall and De- 
von, in England, and in many other parts of Europe. But 
some of the finest native copper in the world is found in 
the region of Lake Superior. One single mass of Lake 
Superior copper weighed over 400 tons 1 

What is the appearance of native copper? — The 
native copper has very curious crystalline forms. In some 
cases it is found in little cubes. In some cases the little « 
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crystals are grown together in vast numbers, and thns make 
large masses, and these masses often show the most singu- 
lar branch-like shapes, 
^•^®- (Fig. 58,) tempting one, 

^^ sometimes to fancy that 

^^ _J^ja^»?^^^ *^® metal had tried to imi- 

^illlllK^^^yHH^HHHk tate the form of some grow- 

^^HppPr^ '"' ing plant 

^ft/f^^^ Name one of the' ores 

of copper. — Copper pyrites 
is the most abundant ore of this metal. To a great deal of 
this ore nature has given the form of beautiful cubes, of a 
color and lustre something like brass, and often of the most 
perfect form. This ore is composed of copper, iron and 
oxygen. 

Name another ore of copper. — Malachite is a rich ore 
of copper, but much less common than pyrities. It is a stone 
.of most beautiful color. Its rich, green surface takes a fine 
polish, also, and on these accounts it is often used for pur- 
poses of ornament. It is a compound of copper, carbon and 
oxygen, with a little water. 

Are there other ores of this metal? — There are 
many other ores of copper. Some are blue, some are red, 
some are purple, some are grey ; but we will not stop now to 
study them. 

Nor will we try to learn all the details of the manufacture 
of the metal from these ores. The operations are quite 
numerous, and do not seem to be so simple as the smelt- 
ing of iron. 

Give a very brief description of the smelting of 
copper. — The ores are roasted and melted and then roasted 
again, and afterward rcmelted. These operations are re- 
peated, until the mass is made to consist chiefly of two com- 
pounds of copper, one containing sulphur and the other oxy- 
gen. 
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iia masB is again rooWed. and this time these two 
da attack padi other. One of them gives np it« 
, the other gives up its oxygen, and bo the ooppe 
is left free. 

it the metal is not jet fit tor the market It mn 
ed to get rid of other metals which it hoUs in Bmall 
:ul quantities. 

be metal is refined by being melted over again, and 
'for many houi-s in contact with air. When the fire 
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taken out in iron ladles lined with clay, and poured 
mouldi^ and comes out of the moulds in the shape of 
such as Been repreeented in the picture. 

What are some of the useB of copper ?— Copp 

used tor u great many things in the arts. It ie used for 
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ing kettles, pans and boilers ; for the sheathing of ships 
which carry our merchandise over the sea ; and for telegraph 
wires, which transmit our thoughts over the land and under 
the ocean. 

It is also used to mix with other metals in making sub- * 
stances called alloys. 

Name some of these mixttires. — Brass is an alloy of 
copper and zinc ; it is made by melting together two parts of 
copper to one of zinc. 

Bronze, gun-metal and bell-metal are, for the most part, 
mixtures of copper and tin. 

German silver is an alloy of copper, zinc and nickeL 

ZINC. 

The ores of zinc seem to have been known in very early 
times, but the metal itself was not. It was first noticed to be 
a metal by Pabaoelsus about 350 years ago. 

What are its most common ores? — Zinc is found 
combined with sulphur ; this sulphide is called blende. 

It is also found combined with oxygen ; this oxide is called 
red oxide. 

It is also found combined with oxygen and carbon ; the 
name of this ore is Smiihsonite. 

Where are these ores found ? — These ores of zinc, and 
others too, are met with in almost every .country. One of 
the most remarkable of all their native places, is New Jersey, 

How is the metal obtained firom its ores? — ^Let the 
ores of zinc be heated in a current of air, or, in one word, 
roasted^ and their sulphur or their carbon will be burned 
away. Now this is usually the first step toward getting 
zinc 

The roasting leaves the zinc with oxygen, and what is 
needed is that these two elements shall be separated. How 
shall this be done ? Let carbon be mixed with the roasted 
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ore, and let both be pat into a close iron vessel and heated 
in a fomace. As soon as the mixture is hot enough, the 
zinc and the carbon both struggle to hold the oxygen, but 
oxygen prefers the carbon ; the two combine and fly away 
as a gas, and the zinc is left alone. 

But when so hot the zinc is a yapor, and it too flies oui of 
the iron Tessel ; it goes over into a colder one and there be- 
comes a liquid. It is run into moulds and comes out in 
the shape of flat cakes, and is then sent into market. 

What are some properties of zino ? — Zinc is a bluish 
white metal about seven times as heavy as water. 

Zinc is usually quite brittle, but heat changes it, in this 
respect, very strangely. At common temperature it is brit- 
tle. At 212^ and up to 300° it has lost its brittleness, and 
it may be hammered or rolled out into thin sheets, or 
pulled out into wire without breaking. But let the heat run 
up to 400°, and the metal i& brittle again. 

What are some uses of zinc? — ^Sheets of zinc are 
very common ; we often see them under stoves to protect the 
floor. It is often used in making galvanized iron, which is 
sheet iron coated with zinc by plunging it into a hot bath of 
that metal. Zinc is also used as one metal in many useful 
alloys, as brass, bell metal, and German silver. 

TIN. 

Tin was known almost as as long ago as iron or copper. 
It was called Jupiter by the old alchemists^ and stan by the 
people of Phoenicia. These people just named discovered 
tin in Britain more than a thousand years before the Chris- 
tian era, and took much of it away from that island in ships. 

Where is tin found ? — The ore of tin is found in Corn- 
wall, England, noted for its tin mines since many hundred 
years ago. Bohemia, Saxony, and Malacca and Banca, in 
India, also yield the ore of this metal In this country it 
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seems to be Tory rare, bmt it has been found in New Hamp- 
shire and Califomia. 

In -w^hat ftnrxn is tin fbund ? — Tin is found in the form 
of tinstone. Tinstone is a compound of tin and oxygen. This 
is almost the only ore of the metal ; how limited the distri- 
bution of tin compared with that of either iron or copper! 

Hovr is tin obtained firom the ore ? — ^The ore is passed 
through a most torturing set of operations to make it give 
up its metaL It is stamped to powder under wooden 
stampers shod with iron. It is roasted by a furnace fire. It 
is washed by violent stirring in a tank. It is smelted with 
coal and lime. . And finally it is refined by melting it over 
again, and cast into large bars by being run into moulds 
made of granite or cast-iron. 

What are some of the properties of tin ?— The surface 
of common tin- ware shows the color of this metal ; it is white 
and brilliant. This white surface is easily scratched because 
the metal is soft ; it is harder than lead but softer than gold. 
Tin foil is tin (with a Httle lead) in the form of thin sheets, 
sometimes so thin that a thousand thicknesses would be no 
more than an inch ; how very malleable tin must be I 

Tin is tarnished slowly in the air, because oxygen does not 
. easily combine with it But this is not true when heat is 
applied ; the surface then is soon darkened because hot oxy- 
gen attacks the hot metal quickly. 

What are the uses of tin ? — ^Because tin is so malleable 
it is much used for making tia foil. Because the air does 
not readily tarnish it, tin is used for coating iron to keep it 
from rusting, and other metals also, to protect their surface. 
And besides all this there are many useful alloys of tin. 

"VCrhat is oonunon tin plate ? — The " tin " of common 
ware is sheet iron covered with a thin coating of tin. 

What alloys of tin are oommon ? — ^Its alloys with cop- 
per have been named already. With lead it forms pewter and 
britannia metal, and the solder used by plumbers. 
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LEAD. 



The lead ores of Spain and of England were worked by 
the ancient Bomans, and still farther back, even to the times 
when the sacred books of Exodus and Job were written, 
this metal was known and used. 

la -what fbrm does lead ooour in the earth?— The 
ores of lead are many ; but for the most part, they are not 
abundant. One of them, however, is found in immense beds 
and veins in the rocks. This ore is called galena. It is a 
compound of lead and sulphur. 

Illinois, Iowa and Missouri, to say nothing of several 
other of our States, have an abundance of galena stored 
away in their rocks. 

Ho'W is the metal ohtained ? — To obtain the metal the 
ore is roaded on the floor of a furnace with plenty of air. 
The hot oxygen changes a part of the sulphide into com- 
pounds containing oxygen. The furnace is then shut tight 
and the fire driven to a greater heat. The new compounds 
jast mentioned then attack and decompose each other and 
give up their metallic lead. 

What are some of the properties of lead? — The co- 
lor of this metal and its softness are known to all, and 
need not be described to you ; its weight also is known to be 
great ; it is well to learn that it is almost eleven and a half 
(11.4) times as heavy as water. 

The surface of lead is always tarnished, except for a few 
minutes after being freshly cut. In perfectly dry air it re- 
mains bright, and this shows that moisture is needed to give 
the tarnish. In water with no air in it the metal also 
stays bright, and this shows that air is also needed to tar- 
nish it. Both air and moisture, then, are needed. 

What is its efifeot upon the sjrstem? — ^This metal, 
when taken into our bodie^ unites with the tissues and re- 
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iftiDS. If more he taken, the qaantity Trhich etajB in tlie 
lodj' ie increased, until finally there is enough to act t 
leadly poiflon. 

What are some of the uses of lead ? — It is qnite mal- 
Bable and can bo rolled into sheets, which are used fer lining 
>e8sets for water and other liquids. It ia also made into 
npes for ^ater and gas. Shot and bulleta are made of 
his metal 
Wbat is its most useful aJIoy ? — ^Lead, with tin and 

itimony, are melted together to make lype-melal, the most 
isefol of oil alloys, since the art of printing depends upon 
It has the carious property of expanding, when it 
iooIb, from the melted liquid form to a solid. On this i 
wont when ponred into the typo-moulds and. allowed to be- 

>me cold, it fills every little grooye and "marking of the 

lonld, and thus takes the perfect shape of the type. . 

MERCUKT. I 

The name of the planet Mercury was once given to all 
rolatile substances, but that was long ago, and the name now 

ings to only one, a liquid tnetal. i 

Thia metal was known In Tery ancient times, and besides 
nercury, the old chemists gave it a name which means 
fuickailver, by which they knew it and which we still use. 
more dignified name waa the long and clumsy hydrar- 
njrum. ' 

Where Is mercury found ? — This metal is found in 
California, in China, in Austria, and in other countries to 
extent. Pei'haps the moat noted among its native 
Sonntries is Spnin ; the mines of Almaden have long been 
worked and hove yielded a rich reward. 

In what condition is mercury fbund? — Mercury is 
generally found combined with sulphur. Thia ore is called 
viimdbar. It is u very pretty mineral, much the color of 
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oochineaL Sometimes this ore is so pore thai its color is as 
rich and brilhant as that of vermilion. Indeed, these two 
things have the same composition ; cinnabar is the sulphide 
which is found in the earth ; vermilion is that which is 
made in the chemist's laboratory. 

Is mercury finmd free in the earth ? — Sometimes the 
liquid metal is found in cavities of its ore, ready to run out 
if an opening is mada How easy to get a metal to be 
found in this condition! But, unfortunately, this native 
mercury is not common, and the metal must be obtained 
from its ore. 

Havr is meroury obtained ? — ^Even then the process is 
much more simple than those for such other metals as iron 
and copper. 

The ore is roasted in a furnace with plenty of air. The 
oxygen of the air attacks the cinnabar, seizes its sulphur and 
flies away with it in the form of sulphurous oxide.* This 
leaves the metal free but in the form of vapor. This hot 
vapor is passed off through long channels into a cold cham- 
ber where it is cooled down into a liquid form. 

What are some properties of the metal ? — -At ordin- 
ary temperature this metal is a liquid about 13^ times heavier 
than water. But when cooled down to 40^ below zero it is 
frozen into a silver- white solid, or when heated to about 
660° it boils away into a colorless vapor. 

It combines very readily with chlorine and with sulphur ; 
not so easily with other elements. 

What are its compoimds -with chlorine ? — ^With chlor- 
ine, mercury forms two notorious compoimds. 6ne of these, 
oorrosive sublimate, is a most violent poison ; the other, 
calomel, is a medicine in extensive use. Calomel contains 
less chlorine in proportion to the mercury than corrosive 
sublimate. 

What are some of the uses of mercury ? — This liquid 
metal is much used in making thermometers and barometers. 
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Another important Tise of mercury is in operatioiiB of i 
gold aad silver from their ores. 

What are amalgams ? — Mercury combinca Vfith other 1 
metals and forms what are called amalgams. The moeb 
familiar example of an amalgam is to be found i 
backs of looking glasses ; this substance is a compound of J 
mercury and tin. 

SILVER. 

We are told that Abraham tcsb very rich, and we are alat> 
told that his riches consisted of cattle, and silver, and goM. 
Now Abraham lived no less than two thousand years before 
the Chriatian era. We see then that even in such ancient 
times silver was known and was valued as a precious metnl. 
In the days of King Solomon it must have been very plenty. 
for wB read that this metal " was nothing accounted of "in 
bis day ; that, indeed, he made silver to be as stones in Jeru- 
salem. 

In what condition is silver fbimd In the earth? — 
Silver ia sometimes found native. Such specimens are often 
Tery beanbful, looking Uko metallic twigs and branches. 

There are several ores of this metal, but none is more cohh 
mon than the sulphide, that is, the compound of silver and 
Hulphur. In its puro fonn it contains about 87 pounds of 
silver in every 100 pounds of ore ; but it is not often found 
BO rich as this iu mines, because it is mixed with the sul- 
phides of other metals, such as copper and lead. 

Silver is almost always the precious companion with 1< 
ill galena, and much silver is obtained from that ore. It 
aaid that if there be no more than lioo parts of silver in a 
thotisand of galena, the precious metal can be profitably ob- 
tained. 

How is silver obtained from Its oi^s? — There are 
different ways of taking silveiv from its ores ; we cannot 
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try to learn them all now. Freiberg, in Saxony, is noted 
for its treatment of silver ore. Let us very briefly notice 
the operation as it is conducted there. The ore is chiefly 
the impure sulphide. 

What is the first step ? — ^The ore is well stamped in 
a mill to crush it to powder, and tiien mixed with a little— 
about one tenth of its weight — common salt. The mixture 
is then roasted^ first at a low heat, then at a high heat, and, 
to make sure that the work is well done, the roasted ore 
is mixed with more salt and roasted over again. In this 
way chlorine is made to take the place of the sulphur in 
combination with the silver. The next object is to get rid of 
the chlorine. 

Haw can the ohloiide be deoomposed? — ^The flne 
powder is put into strong oaken casks with water and frag- 
ments of iron. By turning, these casks rapidly the mix- 
ture within is vioh ntly shaken, and under this treatment 
the iron robs the silver of its chlorine. The silver is thus 
left free, but it is in very fine particles scattered through the 
mixture in the caska 

How shall it be coUeoted ? — Just at this point Uie use 
of mercury comes in. Mercury is poured into the casks, 
which are then set rotating again faster than before. In this 
way the mercury is made to dissolve the silver, and an 
amalgam is thus formed. How can the silver be taken out 
of this amalgam ? The amalgam is put into iron dishes and 
strongly heated. The mercury goes away in vapor and the 
silver is left behind. 

Is the silver thus obtained pure ? — It is not pure. It 
contains other metals, such such as copper, zinc and antimo- 
ny, mixed with it. These must be removed, and so the me- 
tal is melted with a portion of lead in a current of air. The 
oxygen seizes the lead and other impurities, and leaves the 
silver pure. 

What are some of the properties of silver I — Silver 



GOLD, 

is the whitest of metals. It ut tea and n half timea a 
heavy as water. It is much harder than gold, and verjl 
malleable and ductile. 

Orjgfm does not attack it even when hot ; but its siirfac 
■will quietly blacken iu the presence of sulphuretted hjdrc 
gen, because silver and sulphur strongly attract each other. 

What are some of the uses of silver? — Articles of 
silver ware and silver coin are well kuowu. But we must 
remember that none of these are made of pure aOver. The 
pure metal is quite too soft to be able to stand the wear 
which these things receive. To harden the silver, small 
portions of other mctula are mixed with it. 

What is coin metal? — For silver coui some copper is 
added to harden the precious metal. In this country the 
standard coin metal ia made of silver 90 parts and copper 
10 parts. In England the proportion of copper is lesB 
(7,5,) in Germany it ia more (12.5.) 



GOLD. 

■We have no history of the time when gold was not known. 
The oldest records speak of this most precious metal ob 
among the richest articles of wealth and of ornament. 

Where is gold found? — There are few countries in 
which the earth does not contain some gold, but there are few 
in which the quantity of this precious metal will reward the 
labor of separating it from the earthy and stony bodies 
vith which it is found. " The sands of the Siberian rivers 
ore not considered to be worth washing if they contain leas 
than one part of gold in a million." The mines of South 
America gave the world most of the gold it received until 
very recent times. But the larger part now comes from tha 
lodi deposits of California and Australia. 

Iq -trhat condition is gold found in nature ?— Gold ia 
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utmja foond natiTe. Ab if too noblo to join itself to baser 
snbstance, this precious metal is never known in natnro to be 
combined -with other elements. Yet this native gold is not 
pare ; it is mixed witb a little silver and sometimes, too, with 
copper. This native gold, la fine grains, is fotmd among the 
Bands of certain rivers, and also scattered here and there in 
bard quartz rock, and now and then a nugget of considerable 
weight rewards the miner. 

How Is gold separated &om sand or other loose tna- 
tezial in \rhich the dust is fbund ? — Sometimes the loose 
material is put into a shallow pan and well stirreil tip with 
water. Gold is so heavy that the grains will qnickly settle 
to the bottom and the earthy matter may be ponred off from 
above it. This operation is called "washing," Sometimes 
the gold-bearing deposit is washed by rocking it in a cradle 
through which a stream of water is slowly mniiing. The 
lighter earth or sand is then washed away while the heavy 
gold dust lags behind and is caught in grooves aci'oss the 
bottom of the cradle. The precious metal is then dissolved 
in mercury and afterward separated by heat. 

How is gold obtained ftom quartz rook?— When the 
gold is found in the quartz rocks they are crushed to the 
finest powder and then mixed with mercury. The mercury 
dissolves the gold and leaves the quartz unharmed. The 
amalgam of gold is then distilled and the mercury goes away 
as vapor wiiile the gold is left behind alone. 

What are some properties of gold ?— <^old is remark- 
able for its fine yellow color and beautiful lustre. It is 
among the heaviest of metaJs, about 19 times {19.33) heavier 
than water. It is the most malleable of metals ; it is said 
that leaves have been beaten so tbin that 280,000 would be 
needed to make an inch in tbiekness I There Is a curious 
fact about the color of gold leaf ; it is th-^ : looked at in thfi 
usual way it is yellow, but let a leaf be spread upon glae 



GOLD. 167 

that it may be held up between the eye and a window, or the 
sky, and it will be green. 

What is the eSEbot of heat upon it ? — ^At a temperature 
of about 2000'' F. (2016) this precious metal melts into a 
greenish colored liquid. The highest heat of a fomaoe can 
scarcely change it into yapor, but the furious flame of the 
o^i^hydrogen blowpipe can ; its Tapor has a purple hue. 

Is it oflboted by chftmloals ?— Few chemicals, even* of 
the most corrosiYe character, can harm this noble metaL Oxy- 
gen cannot rost it like iron ; sulphur cannot tarnish it like 
siLyer ; nor can the strongest acids corrode it For one ele- 
ment, howeyer, it has a strong attraction ; it is chlorine. 
Aqua-regia is made by mixing nitric acid and hydrochloric 
acid together, and it contains chlorine. Its name means 
royal vxder ; why is it so called ? Because it will dissolve 
*' the king of metals," — gold. Bromine and Iodine, so much 
like chlorine in other respects, are also able to act upon gold. 

What are some of the uses of gold ? — Gold is used for 
ornament and as money. But when pure it is almost as 
soft as lead, and hence unflt for either use. To make it harder 
a httle copper or silver is added. The alloy used for coin in 
this country must be made of nine ports of gold to one part 
of copper. 




CHEMICAL ATTRACTION. 

Describe the experiment vrith an explosive e 
bubble. — Let a solution of soap be made, eucb i 
often" used for blowing bubbiea, but instead of blowing them 
-with our lips let us fasten tlie pipe to n. tube leading from a 
bottle in which hydrogen gas Js being set free. Then if the 
babble pipe be dipped into the soap solution the bubble will 
be blown out with hyJrogen gas. Very soon it will break 
away and fly upwai-d like a pret^ little- balloon. Now if 
another persou will hold a lighted taper above, so that Ibr 
bubble will touch the flame on its way up, it will explode 
with a sound quite atartUng. 

Wh&t Is the substance which explodes ? — It would 
seem at lirst that there coutd be notliiug but hydrogen in 
the bubble, but there is something more. Air goee iutu tho 
bubble, through the pores of the thin film of eoap-wat«r, a 
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thai there is a mixture of hydrogen and air inside. It is thia' 
inisture that explodes. 

Does the nitrogen of the air take any part 
ing the sound ? — -Bat wg know tliat nitrogen does not help 
miike the explosion ; indeed it Linders the -work very 
mach. If the oxygen were alone to mis with the hydrogen 
the sound would be many times louder. 

What is produced by the aotion ? — ^There is a new sub- 
stance made in thia exjJoaion. It is water. The hydrogen 
and the oxygen ore both used up, and water takoe their place. 

For thia reason we say that water is a compound of hydro- 
gen and o^gen. 

What oaiises these two elements to combine?— 
■When oxygen and hydrogen are mixed together, tliink how 
the molecnles of one must be scattered among those of the 
other. How close together they must be ! And yet the 
chenuBt tella na that he thinks that if we could only see these 
molecules we should find them to be some distance apiirt. 
As long as they stay apart there is no explosion, but when 
the hydrogen and the oxygen molecules fuM together they do 
BO with a loud sound, and then they stay together in the form 
of water. 

But what causes them to fall together ? — They would 
not fall of their own accord any taoro than a stone will fall 
to the ground of its own accord. The stone falls because it ia 
puUed down by the force of gravitation. The molecules of 
faydrogea and of oxygen fall together because thoy are pulled 
together by the force of chemi'^al allraoiion. 

What happens to the molecules when they fhll to- 
f^eUter ? — When a stone falls to the ground it ia sometimes 
Ivokeu into pieces. Now the chemist thinks that when the 
molecules fall together they, too, are shattered, and the little 
jtiecea into which they are broken he calls atoms. These. 
Rtoma of hydrogen and oxygen are then held firmly togethi 
by chemical attraction and form water. 
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CHEMIOAL ATTRACTION. 



What then is ohendoal attraction ? — "Wo ma; n< 
fine chemical alLractioD. 11 in the force ii'kick brings a 
differcT^ Hndu of maUer togetlier and then holds Ihetn togeihisf^ 
in a compound. 

All cotnpoiincla are formed by the action of chemical at^ 
traction- Every chemical change that ever occurs is brought 
about by this kiml of attraction. It causes the rusting of 
iron, the decay of wood, the combustion of coal, the «splo- 
Bion of gunpowder, the ripening of fruit, and so many other 
effects that iC will be uaelese for us to try to name them. Tet 
it does not act at random ; not a single one of its effects 
comes by chance or accident, liet us study its acti 
learn something of the laws which govern if. 




What proportions of hydrogen and oxygen are n 
to ibrm 'Water ? — When electricity is passed through wall 
(see Fig. 61) its two gases are separated and may be caught 
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in different iubes. We see in this expenment that the hydro- 
gen tube is filled twice as fast aa the osygen tube, Thia 
shows that wiiter cotitains twice as much hydrogen as it doe« 
oxygen. If we get two cubic inches of Lydi-ogen we can get 
.at the snme time only one cubic inch of oxygen, 

Whatif 'w^e weigh the gases? — ^If we weigh the gases 
which we may get from water, we find that the oxygen 
■weighs right times as much as the hydrogen. If we get one 
6 of hydrogen from water we get at the same time eight 
ounces of osygen ; or if we get five grains of hydrogen we get 
at the same time forty grains of oxygen. 

Is water al'w^ays made up of these proportions of 
its elements 7 — Water is always made up of exactly these 
;proportions of hydrogen ond oxygen. It may be analyzed 
in many ways, but it gives, by every way, jnat eight times 
isach osygen as hydrogen. 

What law does this Ulustrate ? — Eimry compound is d- 
toayx made up of the game elements, and always of the aamepTO'' 
portioTis qflhe elements hy weight. 

This is the " firbt law of chemical attraction." 



How Is thia law illustrated hy hydroohlorio add V 

Hydrochloric acid is always made up of the two elements 
hydrogen and chlorine, and the chlorine always weighs just 
35.5 times as much as the hydrogen. 
How is the law illustrated by coramon salt ? — Com- 
on table salt is made up of the two elements, sodium and 
chlorine, and the weights of these elements iu it are as 23 to 
35.5. If for esample, there are 23 ounces of sodium in a 
quantity of salt there will be 35.5 oonces of chlorine in the 
3 quantity. Or if the sodium is iwi^e 23, thtu the weight 
of chlorine wlil be twice 35.5. Salt is always made up of 
these same elements and always in these same proportiona 

What is a molecule ? — One of the first things we IcamJ 
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ia studying natoral philosophy is that every body of Taoi 
is made up of molecules, and that a molecule is a parlide a 
mailer so small Ihai if cannot be dividiid tviihotit changing iU' 
natitre. A molecule o( hydruchloric acid, for example, ia n 
particle of that Bubstauce which cannot be divided without 
changing it into some other kind of matter different from 
hydrochloric acid. 

Can the oiolecule of hydroohlorio acid be divided at 
all? — But a moleeulti of hydrochloric acid contains an atom of ., 
hydrogen and on atom of chlorine, and it can be broken u 
these two p 

Ho^7 can this be done ? — Let ns try on experiment. I 
Into an ale glass we will put a little hydrochloric acid, and 
then we will drop into it a few small pieces of zinc. What a 
ouriouB action begins I What a boiling and a foaming [ Let 
OS bring a lighted match over the mouth of the ale glass. 
load explosion is heard and a dull red flame instantly begild 
to play over the surface of the foaming liquid. Kow the e 
plosion and the flame shows us that hydrogen is being i 
free. 

Wliat is happening in the glass ?— We see the violei 
boiling of the liquid and the dull red flame, but our eyes are 
not keen enough to see the cause of all this. The chemist 
tells us that the zinc is breaking the molecules of the acid into 
pieces, and that this causes the violent commotion in the 
glass. Let us repeat his story a litUo more accurately. By 
chemical attraction the zinc pulls the atom of chlorine out of 
each molecule of the acid and lets the atom of hydrogen go 
free. The hydrogen, from a host of these broken molecules, 
makes a bubble of the gas and these bubbles of hydrogen 
rise to the surface where they go off into the air, or may be 
burned. 

How much of eaoh gas in one moleoule of the 
acid ? — ^We have learned that this acid oontains 35.5 timeB< j 
as much chlorine aa hydrogen ; we may say this of o 
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qnsntily ; it is trae of one molecule. We have 

how mncb, or rather how little, the atom of hydrogen really' 

Ighs, but wa do know that whatever it does weigh, the 
atom of cblorine weighs 35.5 times as much. We cannot 
tell the weight of either in fractions of a prain or ounce, but 
can coll the weight of thej hydrogen atom one, witbont 
saying what, and tben we can say that an atom of cblorind' 
weighs 35.5. i 

What do these numbers represent ? — Now these num- 
bers represent the smallest proportions by weight of hydro- 
gen and chlorine which ever combine with each other. 

TbuB if we take one ounce of hydrogen we must take 
less than 35-5 ouncoa of chlorine to-combine with it. A 
pound of hydrogen will take just 35,5 pounds of chlorine. 
No human power can make it take either more or less. 

What are these numbers called ? — These numbers are 
called the combining weights of hydrogen and chlorine, be- 
cause they represent the smallest proportions by weight 
which these gaaea combine. 

Do other elements have combining weights ? — Er-' 

y other element has a number w^ j shows the smallest 

proportion of it which' can enter into a compound. When 

compare hydrogen and oxygen we find that the smallest 

weight of osygen is 16 times as heavy as that of hydrogen. 

And BO wo say that the combining weight of oxygen is 16. 

If we compare hydrogen and nitrogen we find that the 
Bmallest proportion of nitrogen is just li times heavier than 
tJiat of hydrogen. So we say that li is the combining weight 
at nitrogen. In the same way ^ch element has a number" 
which we call its combining weight. 

Define combining weights. — Combining weights are 

e numbers which show the smallest relative proportion 
by weight in which substances combine. 

Can bvto elements make more than one compound T 1 
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^Two elementa majr form more than one componnd. Car- 
bon and oxygen do this. They gi\e us carbonic dioxide, n 
gas, you remember, which will not bum and which will ex- 
tinguish fire, lite water. But they also give us another gas 
which bums with a fine bine flame, the flame which you may 
hare seen playing over a newly made coul fire. 

HoTO- can the same elements give more than one 
compound ?— The only difference in the composition of the 
two gasea jnat spoken of is in the quantity of the oxygen 
they contain. There is twice as large a proportion of oxygen 
in carbonic dioxide £b in the other. So, by combining in 
different proportions, two elements may form more than one 
compound. 

How many oompounda do nitrogen and oxygen 
form? — Nitrogen and oxygen produce no less than five dif- 
ferent compounds. Let us examine some of these to see how 
Tery different in character may be the substances made of 
exactly the same elements. One of these compounds is 
nitrous oTide. 
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How may nitrous oxide be obtained ? — Nitrous 
may be obtained by heating a compound called 
nitrate. The picture shows how the operation may be 
ducted. 

The ammonic nitrate is put into a retort (the name gii 
to snch a vessel as you see at the left in the cut) and heai 
by a lamp or furnace. The heat first melts it to a limj 
fluid and then decomposes it What new things are formed ? 
Steam is one and nitrons tmde is the other. It will be easy 
to trace these through the apparatus. You see that they 
must pass in a bent tube over to and through cold water in 
the basin, where, of course, the steam is left behind. Theu 
the oxide bubbles up to be caught in the inverted glass jar. 

What are some of Its properties ? — ^The jar is 
seen to be full of a colorless gas. It is not only ool 
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but itlmoet withoat odor alaa It is veiy much heavi 
1.52) than air, and quite readily dissolved by cold water. 




What is its effect upon flame? — Plnnge a lighted ta- 
per into nitrous osido, aad it will bum with almost as mach 
vigor as it would in oxygen. 

What is its eff&ot -when oreathed i —It may be 
breathed instead o( air for a abort time without danger, but 
ite effect is very corioua. The person usually seems to be- 
come very happy, and somet.iniea bursts into laughter. On 
this account this gas is often called "laughing gas." The ef- 
fect soon pasRes off. 

When the pure gas is breathed for ff little time the person 
is mode insensible. He may be pricked with a pin or cut 
with a knife without knowing it. On this account surgeons 
sometimes make their patients breathe this gas, in order 
that the paiu otherwise caused by their operations may not 
be felt. 

What proportions of nitrogen and oxygen in this 
gas ? — This gas contains 28 parts of nitrogen to 16 of oxy- 
gen. If its nitrogen weighs 28 grains, its oiygen will weigh 
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16 groins. If its nitrogea weighs twice 28, 
then ita oxjgen will weigh twice 16, or 32 gruios. 

Now let QB examine another compoond of these elementB 
having different proportions ; we shall iind it to have a dif- 
ferent character too. It is called nitric oxide. 

Hovr may nitjio oxide be obtained ? — It is obtained 

by putting copper and nitric acid together. Xiook at Fig. 
63. Yon see that the apparatus is the samo as is used j^ 
getting hydrogen gas. 




Some clippings of copper ore put into the bottle, 
ward Bome nitric acid is poured in upon the copper Uirongh 
the funnel tube. A violent boiling begins at once and a ca- 
rious change in color is mada The liquid inside the bottla 
becomes ^reen ; the air above the liquid becomes i^; I 
the gas that bubbles into the jar iu the cistern ia oolorl^ 
This colorless gas is the niti-ic oxide. 

What are its properties?— It is without color, bat| 
has a stroog odor and cannot be breathed without c 
sufTocatioii. 

Wbat is its efi&ot upon flame?— Plunge a lighf 



taper into it and the flame expires. Even phoBphoroB 
be estingniBbed unless it is burning very brisklj whi 
plunged into this gns. 

What 1b its most Temarkable action? — It has veiy) 

strong attraction for oxygen, and we only need to let a little 
out of the jar into the air to show it. A cloud of cheiTy-red 
vapor instantly appears. This red substance ib produced by 
tbe union of nitric oside with, the oxygen which it ineets in 
the air. 

What proportions of nitrogen and oxygen in this 
gas ? — Thia gna contuius 14 parts by weight of nitrogi 
16 parts of oxygen. If its nitrogen weighs 14 grs. its oxygen 
will weigh IGgra If its nitrogen weigha twice 14, or iSgra,. 
then its oxygen will weigh twice IG, or 32 grs. 

The only difference in the composition of these two goseff 
XB that the nitiic oside eoutains lees nitrogen than the nitrous 
oxide. But what a difference in character thia aimple differ- 
ence in composition produces ! 



Are there other compounds of these elements 7- 

There are three others. One of these is an orange-red gas, 
which, when made very cold, becomes a blue liquid. Another, 
JB the dark cherry-red gas which is made when nitric oxide 
is let out into the air ; and the third is a colorless solid, which 
dissolves in water and forms the powerful nitric acid so Use- 
ful in the arts. 

What is the diffirence in these oompounds ? — The 
■ only difference in the composition of these three things is in 
I the proportions of the nitrogen and oxgen they contain. This 
.tfmple difference causes all the difference in their properties 

How may their dlfiferenoe in composition be best 
Bbovm 1 — ^By writing the numbers representing tbe weights 
of nitrogen and oxygen in a table, we can easUy see this dif- 
ference. Thua . 
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Nitrous oxide contains 28 of nitrogen and 16 of oxygen. 

Nitric oxide " 14 " « " 16 " 

Nitrous anhydride " 28 " " " 48 " 

Nitric peroxide " 14 " « " 32 " 

Nitric auhydride « 28 " " " 80 






You may call these numbers so many grains, or ounces, 
or whatever weight you please. No matter how much of ei- 
ther of the compounds is examined, the weights of the nitro- 
gen and oxygen will have the ratio shown by the numbers in 
table, opposite the name of the compound. 

What curious fact is seen VD^hen VD^e examine the 
quantities of oxygen shoivn in the table ? — ^We see 
that in the first compound the quantity of pxygen is 16, but 
16 is the combining weight of oxygen. In the second com- 
pound the oxygen is also the combining weight. In the 
third the quantity is just three times the combining weight 
In the fourth it is just two times the combining weight ; and 
in the fifth it is just five times the combining weight. Eve- 
ry one of these proportions of oxygen can be divided by the 
combining weight without any remainder. 

lis the same thing true of the nitrogen ? — ^The same 
thing is true of the nitrogen. Notice : its combining weight 
is 14, and there is no number for nitrogen in the table which 
14 may not divide without a remainder. 

lis this true in other oases ? —There are a great many 
examples in chemistry of several compounds made up of the 
same elements ; but what we have seen to be true for the ni- 
trogen and oxygen is true in every such case. 

How may the principle be stated ? — ^ one substance 
combines with another in mx)re than one proportiony these propor- 
tions are always multiples of its combining weight. 

This principle is called '' the second law of combination ;" 
it should be understood and remembered. 
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Now let ns stady the following table of elements 



Oxygen, 


16 


O. 


Hydrogen, 


1 


H. 


Nitrogen, 


14 


N, 


Garbon, 


12 


a 


Silicon, 


28 


SL 


Chlorine, 


35.5 


CL 


Bromine, ^ 


80 


Br. 


Iodine, 


127 


L 


Snlphnr, 


32 


& 


Phosphornfl, 


31 


P. 


Arsenic, 


75 


As. 


Iron, 


56 


Fe. 


Alominom, 


27.4 


Al. 


Calcium, 


40 


Ca. 


Magnesium, 


24 


Mg. 


Sodium, 


23 


Na. 


Potassium, 


39.1 


K. 


Copper, 


63.5 


Cu. 


Zinc, 


65 


Zn. 


Tin, 


118 


Sn. 


Lead, 


207 


Pb. 


Mercury, 


200 


Hg, 


SUver, 


108 


Ag 


Gold, 


196.6 


Au. 



This table includes all the most common and important 
elements. In the first column we see their names. 

What do -we see in the second column? — ^In the 
second column we find a number opposite the name of each 
element. These numbers are the combining weights of the 
elements. The combining weight of silver, for example, is 
108, as you will notice, and then you must remember that 
this means that the smallest weight of silver that can com- 
bine with any other element is 108 times greater than the 
smallest weight of hydrogen that can combine. 

What do VT'e see in third column ? — ^In the third col- 
umn we see what the chemist calls the symbols of the ele- 



ISO OHEMTOATi ATTBAOTION. 

ments. He uses these letters often instead of the naxaes. 
Thus, instead of writing the name oxtqen out in fall, he of- 
ten saves time and work by jast writing th^ first letter of the 
name — just O. For the long name potassium he often 
writes K, the first letter of its Latin name, kaliom. 

Whenever we see O, in chemistry, we know that it means 
oxygen, and when we Bee K, we know that potassium is 
meant. P stands for phosphorus. The latin name for cop- 
per is cuprum, and its first letters. Oil, are the symbol for 
copper. 

What do these S3rinbols represent besides the names 
of the elements? — Besides the name of the element each 
symbol represents a number, the combining weight of the 
element. Thus : O means not only oxygen, it means 16 also. 
Cu stands for copoer and also for the combining weight of 
copper, 63.6. 

Now look in the table and say what two things are meant^ 
in chemistry, by the symbol Au. ^ 

Look again for the meanings of Fe ; and again for C ; and 
for L 

HoTV are these symbols used to sho^v the composi- 
tion of compounds ? — Let us take an example : we want to 
show the composition of water. We know that it is com- 
posed of two parts of hydrogen to one part of oxygen, and 
this is what we want to show by symbols. We will write 
H3O and it is done. The H shows the presence of hydro- 
gen and the little figure 2 shows that there are two combin- 
ing weights of it, and the O shows that there is one combin- 
ing weight of oxygen. 

Give another example. — HNOg shgws the composi- 
tion of nitric acid. H means one combining weight (1) of 
hydrogen. N means one combining weight (14) of nitrogen, 
and O3 means three combining weights (3x 16) of oxygen. 
Hence nitric acid is composed of hydrogen, nitrogen and 
oxygen in proportions of 1, 14 and 48 ; so that if we shouljcl 
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have sixty-tlirGe pomiilB of the add, there would bo one 
poan<i of hydrogen, fourteen pounds of nitrogen and forty- 
eight pounds of oxygen in it. 

The compoaitiou of carbonic dioxide is repreaented by* 
COj. Can you, by looking at the table of elements, tell whst'l 
are the numeg of ilBconatitnentannd the proportions of each? 

Tell UB, then, ho-w to show the composition of a 
compound by symlwls. — Write tha symboh of its dirmenU 
one afler another, and if there is more than one combining 
wiight of any element, pui a small fgure just a little below a 
to the right of its sijmbol. 

Now turn back to the table which tells yon the oompc 
tion of the coinponndB of nitrogen and oxygen, and see if 
yoa can show the composition of each one by symbols. You 
see that nitrons oxide contains 28 of nitrogen — that is, two 
times the combining weight Ton show this by just writing 
N,. You Bee that the substance contains just once the com- 
bining weight of oxygen ; you show this by writing just 0. 
Then put these symbols together, thus, N,0, and the work 
is done. Do this for the four other substances yourself, for 
practioe. 

Bnt this is not the only use the chemist makes of these 
symbols ; he uses them to explain chemical actions. Yoa 
see already that the composition of any compound that has 
ever been analyzed may be shown by symbols ; notice next 
that every chemical change that takes place may be written 
out in symbols. Let us make an experiment and study it by 
symhola. 

Describe the experiment. — Let us put a few clippings 
qE zinc into an ale glass, and then pour some dilute sidphu- 
rio acid upon them. Instantly the fluid begins to foam vio- 
lently, and if we bring the flame of a match over the mouth 
of the glass we hear a dull explosion and see that hydrogen 
IB eeoapiug. 
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How can the oliange be ntkovm by ssrmbols? — 

Now Zn (zinc) and H^SO^ (solphtiric acid) are the things 
pat into the ale glass ; we will write tiiem together thus, ^n 

We know that H (hydrogen) is set free, for it is that 
which bums; the zinc is left with the SO^; thus, ZnSO^ 
+ H,. 

Hence, Zn + HaSO^ = ZnSO^ + H,. 

Before the action. After the action. 

• 

What does this equation mean ? — ^This equation shows 
that the zinc takes the place of the hydrogen in the acid and 
forms a new compound, while the hydrogen is set free. 

Describe the experiment "with potassium? — ^Let a 
piece of potassium as large as a small pea be dropped into 
a glass vessel containing some hydrochloric acid. The metal 
will float upon the liquid, melt into a globule, burst into 
flame and run briskly over the surface from side to side un- 
til it is exhausted. 

What equation ahovrs the ohemioal changes in this 
experiment? — The substance^ used and the new ones 
formed stand thus : 

K + Ha=KCl + H. 

What does this sho-w ? — A little study will help you to 
see that the potassium (K) takes the place of the hydrogen 
in the acid, (HCl,) and by so doing makes a new compound 
(KCl) and sets the hydrogen free. 

In this way symbols are a most valuable kind of short- 
I hand writing in chemistry, saving much time and work, and 
at the same time showing more clearly at a glance, the 
chemical changes, than words could do. 

Describe the experiment -with vinegar. — ^Let a little 
solution of blue litmus be added to an ale glass of water ; 
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the water takes a deep blue color. Next add a few drops of 
strong yinegar, and notice a curions change in color. The 
blue is changed to red. 

Describe another siinnar experiment. — ^Let the water 
of another goblet or ale glass be colored blue by htmus, and 
then put in a drop or two of sulphuric acid. Bed clouds 
appear in the blue hquid, and if shaken or stirred, the blue 
disappears and the Hquid is red throughout. 

What other substances vnJl cause this change of 
color ? — A few drops of nitric acid will redden a large vessel 
of blue litmus water. The same change will also occur if 
hydrochlo]:ic acid be used. Many other substandles, which 
we will not stop to name, would have the same effect. 

What do "we learn firom these experiments? — We 
see that there is a class of substances which are able to redden 
the color of blue htmus. These substances are called acids. 

What is the taste of an acid ? — The sour taste of vine- 
gar is well known. Sulphuric acid has the sour tast^ in a 
greater degree ; it is intensely sour. Nitric acid, hydrochloric 
acid and, in a word, aU acids are sour to the taste. 

What element is al^vays found in acids? — ^The fol- 
► lowing table shows the composition of several acids, by sym- 
bols : 

Nitric acid, HNO3 Hydrochloric acid, HCl. 

Sulphuric acid, H^SO^ Hydroiodic acid, HI. 
Phosphoric acid, HgPO^ Hydrobromic acid, HBr., 

and a glance at these symbols shows that hydrogen (H) is 
a constituent in every one. Every add contains hydrogen. 

In -^^hat three respects are acids alike ? — In the first 
place we saw that an acid will redden blue litmus. 

In the second place wo found ihat an acid is sour to the 
taste. 

In the third place we noticed that an acid always contains 
hydrogen. 
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Any substanoe having these qualities is an acid. 

What difibrenoe in the oompositioii of aoidB to be 
seen in the table ? — ^Look at the two sets of symbols in 
the table just passed. In each acid of the first column, oxy- 
gen (O) is present ; it is not to be found in those of the 
second. 

Now we may learn from this that there are two classes of 
adds. One class contains the element oxygen, the other 
does not 

What is the aotion of sodium on hydroohlozio acdd? 

— ^Try the experiment. Let a Uttle ball of sodium be dropped 
into an ale glass containing the acid. A violent action begins, 
very much as when sodium is placed upon water. The metal 
melts, floats on the acid, runs from place to place, finding 
no rest, and finally disappears. 

What chemical change has happened ? Let us write the 
symbols : 

Na + HCl = NaCl + H. 
Sodium and acid yidd salt and hydrogen. 

This equation shows us that the sodium (Na) has driven 
the hydrogen (H) out of the acid (HCl) and taken its 
place. Two new things are thus obtained : salt (common 
salt) is produced and liydrogen gas escapes. 

What is the point to be oarefVdly noticed ? — We 
should bo careful to notice that the metal puts itself in the 
place of the hydrogen of the acid. 

Would this happen if other acids ^vere used? — It 
would make no difference in the action if we use any other 
acid in the list. The sodium would drive hydrogen out and 
put itself in the place of it 

Would other metals do the same thing? — ^Many 
other metals have the same power to act upon acids. Not 
every metal can do this to eveiigr acid, but the power to put 



[ in the place of hydrogen in acids is very 
mong the luelaJs. 

What name is given to the ne'W compounds formed 

Ihy this action ?— Tha new compounds formed by thia ao- 

I lion of the luetola ure culled salts. When sodium and hy- 

f drochloiic acid are used, the new compound, as we have 

xHumon salt ; you have only to evaporate the liquid 

to get the familiar whito sohd. Every acid would yield a 

different kind of salt with Bodinm. Each different metal olsO' 

yields a different salt with every acid on which it acts. 

What is a salt ? — A salt is a compound fi/rmed by putting 
a metal in the place of hydrogen in an acid. 

How may reddened litmus be made blue again ? — 
A carioQB oxperiment is inude by taking some blue litmus ia 
an ale gloss, turning it red by adding a tew dropa of acid, 
and then dropping a bit of potassium upon its surface. The 
metal acts in its usual way, taking fire, running around, wast- 
ing away, and finally going off in an explosion. But besides 
&11 these things another happens. The litmus Bolution ii 
longer red ; it is blue again. 

What ue^ substance ia formed in this action ? — The 
action is between the water of the solution and the potas- 
sium. lict lis write the aymbols and represent the change : 

K + HHO = HKO + H. 
I Ifoa con see here that the metal (E) has put itself i 

one of the porta of hydrogen in water, (HHO.) and 
I that hy doing so it has foi-med the new substance (_HKO)and 
[ Bet the hydrogen free. 

Now this new substance (HKO) is the one which turns J 
the color of the reddened htmus blue. 
potash or potassa. 

What other substances 'VTill do the same thing?— 
Try the osperimeat with ammonia. A few drops added to a 



I 



186 CHEMICAL ATTBACTION. 



1 



red solation of UtmnB will restore its ciriginul fine bine color. 
Besides potash and ammooia, tiiere are many other snb- 
BtancoB which have this power to restore Ihubiue color ui 
htmua which has been lumul red by an acid. 

What do we leam &om these things ? — Kence we eea 
that there iB u (.■/q.-',^ of sulietancea which are able to restore 
the blue color of reddened litmus. 

What is the taste of these hodius ? — The well known 
taste of suda and potash is the characteristic taste of this 
class of bodiea It ia the same as that of wood aebeB ; indeed 
the peculiar " caustic " taste of wood ashes in dae to the 
presenen of potassa. 

What is this class of oompounds called ? — These sub- 
stances which have a caustic taate, and the power to neutral- 
ize the acids, in litmus and other thiBgw, arc called bases or 
hydrates. 






What other class of compounds to be noticed 

Water ie a good eNample of bodies which are neither 
nor bases nor salts. It will not change the color of htmus, 
either to red or blue. It is not sour to the taste lilfe the 
acids, nor caustic Hko the bases, nor is it made by putliDg a 
metal in the place of hydrogen in the acids as the salts are. 
There are a great many other compounds lite water in these 
respects. They are called neutral bodies. 






What do the names of chemical compounds sht 

— In naming the compounds in chemistry the chemist 
not invent names just to suit his fancy, but ho triee to make 
them show Ihe composition ^ the compourtds to which he giees 

How is this illustrated in the name of the compound 
of hydrogen and chlorine ? — Hydrogen unites with chlorine 
to form an acid ; it ia called hydrochloric acid. Who d<*B 
not see that the names of both the elemerrte are soggeeted by 
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le name of Uie compound ? Hydro makes us think of hydro*] 

in, anil chioric is something like chlorine, and so hydrocMoria! 
Kiuad mnst be an acid which is made up of hydrogen and 
«2hloriue. 

Of 'what is hydrobromio aoid oompoBed ?- 
lydrobromic suggests hydrogen and bromine ; these are tho 
clamenta of which the acid is composed. 

What are the elements in sulphurio acid ? — Sulphurio 
add is made up of sulphui', osygen and hydrogen ; its name 
is so made that the presence of these three things is shown. 

What in the name shows the presence of these ele- 
ments? — We have learned thnt q/^ oarffi contain hydrogen. 
It a substance be called an acid that name alone 
to make us know that hydrogen is one constituent. 

The ic, at the end of the -word sulphuric, is one of the eigna 
-which chemists have agreed to use to show the presence of- 
oxygen. 

The other part, sulphur, of the word sulphuric, shows the 
presence of sulphur. 

What are Uie eletoents in sulphuxous acid 1 — In thi« 
name the word lund shows the presence of hydrogen ; the oue 
Hhows the presence of oxygen, while the name of sulphur is 
Teiy distinct. Hydrogen, osygen and sulphur are the ele- 
ments of this acid. 

What should he noticed in the t^ro names just ex- 
plained ? — It will be seen that sulphuric acid and sulphur- 
ous acid are made of the same elements. The first contains 
a larger proportion of osygen than the other, and this is 
their only difference in composition. Now ic is used in the 
Dame of the otio that contains (he larger jxr'qiortion, and oti» 
in the name of tlio other. 

What is the composition of phosphoric and phos- 
phorous acids ? — These names differ in nothing except that 
one lias the ic and the other has the ous; the first contains a 
larger proportion of oxygen than the second. The elementa 
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are fhe same in both. They are pliosphoms, indicated in 
the name by phosphor ; oxygen, shown by ic and ous / hydro- 
gen, by the word acid. 

Now see if you can answer the following questions : 
What are the elements in chloric acid ? What are the ele- 
ments in chlorous acid ? Of what elements is carbonic acid 
composed ? Name the elements in nitric acid, and in ni- 
trous acid. 

What is the meaning of the prefix hsrpo? — There 
is an acid called hyponitrous acid. You may notice that 
the name nitrous acid here has the prefix hypo. This pre- 
fix is used to show that this acid contains a less proportion 
of oxygen than nitrous acid contains. Hypo is often used 
in this way. On the other hand, the prefix per is used to 
denote a larger proportion of oxygen. An example will 
make this clear. Thus, perchloric add is an acid which has 
a larger proportion of oxygen in it than the clUoric add 
has, and the prefix per shows it. 

Thus the names of acids show us the names of the ele- 
ments which they contain. 

Now let us see how the names of salts do the same 
thing. 

We will not forget that a salt is formed by putting a me- 
tal in place of the hydrogen in an add. The name of the 
salt tells us the name of the metal and of the acid from 
which it has been made. 

What salt is made by sodium and sulphuric acid ? 
— When sulphuric acid is used the salt is called sulphate, 
no matter what metal be employed. If sodium is the me- 
tal used, then the new salt found will be called sodic sul- 
phate. It is easy to see that this name suggests the name 
of the metal and also of the acid. 

But let us study the subject further. 

What salts may be fbrmed vritb. sulphurous acid ? 
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' — Solphnrons acid forms a claes of salts called sulphites, 
Kotice llie difference ; auiphnric acid gives sulphates ; sul- 
pharous acid gives eiil^jhitea. 

Wliat is the principle in this difi&renoe 7 — The itath 
is, that if' the name of the acid enda in ir, the names of ita 
^te end in ate. But if tlio name of the acid end 
the name of its salts end in He. 

Mention illiistratioDS of this piinoiple? — A salt formed 
l^ chlorie acid is called a chlorate ; but one formed by chlo- 
rous add is caUed a chlorite. Nitric acid yields nUnUe8f,m 
.but uitroua acid yields nilriies, I 

Different metals form different nitrates by acting uponJ 
nitiic acid. J 

Ho'n- many parts in the naxae of a salt? — Now J 
there are two parts in the name of every salt, one to show J 
the acid, the other to show the metul. Sodic vitrale is a | 
^od example ; the last part, nitrate, shows that this salt has j 
tteen made from nitric acid. The first part, sodic, shows that j 
it has beeu done by the metal sodium. i 

What is potassic chlorate T^Potaesic chlorate ia a I 
salt, because its name ends in ale. It has been made from j 
chloric acid by the action of the metal potassium ; the two j 
parts of its na^ le show this. 

See then how the name of a salt shows us its composition, j 
!Let us next learn how the names of the bases do the eame I 
thing for them. ] 

What two fhcta about bases will we notice first? 1 

— Every base is called a hydrate. Every base contains a 

Then w^hat two parts In the name of a base ? — a 

Those two facts must be shown in the name. To do this, the j 

jfirst part of the name is the name of the metui a little J 

changed, while the last part is hydrate always. J 

G-lve examples. — Thus polassic hydraie is a base con- 
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taining potassium, Sodio hydrate is a base containing sodi- 
um. Calcic hydrate is a base containing calcium. 

What elements are indioated hy the term hy* 
drate ? — ^The term hydrate indicates the presence of hydro- 
gen and oxygen ; these elements are always present in bases. 
Hydrogen, oxygen and a metal of some kind are the ele- 
ments of a base, and these are always suggested by its nama 

What are the oonstituents of magnesic hydrate ?— 
The first part of this name is to give us the name of the 
metal ; magnesiCy suggests magnesium. The second part» 
hydrate, means hydrogen and oxygen. So the elements in 
magnesic hydrate are magnesium, hydrogen and oxygen. 

See then how wo can tell the composition of a base the 
moment we hear the name, even if we have never heard of 
the existence of such a compound before. 

Let us now see finally how the names of neutral bodies show 
their composition. Some salts are neutral, and we have al- 
ready seen how their names are made. The neutral bodies 
to be studied now are binary compounds. 

What is a binary compound ? — The word binary means 
two, so a binary compound is one which is made up of two 
4[3lemeQts. Water is a good example ; it is a binary com- 
pound because it contains only two elements, and it is neu- 
tral because it has the properties of neither an acid nor a 
base. 

What must the names of suoh compounds shew ? — 
Now the name of any such compound must suggest the 
names of its elements. Notice this one, sodic oxide. Do you 
see that the first part, sodic, suggests the name of sodium, 
and that the second part, oxide, suggests the name of oxy- 
gen ? Sodium and oxygen are the elements in sodic oxide. 
In the same way nitric oxide easily shows that nitrogen and 
oxygen are the elements combined. 

What is carbonic oxide? — Carbon and oxygen are 
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shown by tie name carbonic oside. These arc the eiementol 
of that compoud. 

Bitt there is another componnd made by these two ele- 
ments ; it is carhouii: dioxide. 

What is the di^rence in oomposition between car- 
Irania oxide and oarbonio dioxide ?— Bath these names 
BUggest the fiiime elements, carbon and oxygen. Now notice : 
when the word oxide is used it means one combining weight 
of oxygen. There ai-e Iwo combining weights of oxygen in 
carboDic dioxide, and to show this, the word oxide lias ths- 
prefix di, which always means fivo. 

What is mercurio chloride ?— From this name we coat 
easily nee that the substance is a compound of mercury and 
chlorine, and because there is no prefix, wo are to understandi 
that it contains one combining weight of each of these ele-- 
ments. 

What is merourio diohloride? — From this name wa 
also know that mercury and chlorine are the elements in the' 
compound ; but because the prefix di is used, we. know that 
the compound contains two combining weights of chlorine. 

What does the prefix trl show?— 3H means three; 
used in chemical names it means three combining weights. 
Thus gold trichloride is a compound of gold and chlorine, 
and contains three combining weights of chlorine to one of 
gold. 1 

Other prefixes are used, but we will not notice them now. I 

But there are cases which may possibly pnzzle yon a little, ^ 
eyon when you have learned all that has just been said. Let 

What w^ould you call the compound of iron and 
Bolphur ? — From what we have heard, Jt would seem that the 
compound of iron and sulphur ought to be called iron auZ- I 
jAide, but the chemist calls it ferric sidphide instead. Why ? I 
Simply because ferrum is the Latin name of iron, and 1 
tse the Latin instead of the Einghsh name. 
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What other Illustration ?— The Latin name of copper 
i8 cuprum, and so the componnds of copper and oi^gen are 
called cupric oxide, and cuprous oxide* 

But we will not add k) the illostrations of this method of 
naming compounds. Yon have seen bow the names of acids, 
of bases, of salts, and of neutral binary compounds are made 
to show what elements these compounds are made ot There 
are many other classes of compounds, and each class contains 
a very large number of substances ; but the chemical name 
of each one is such as to suggest the composition of the 
substance itself. 

If you carefully study the hints just given, you will be able 
to understand the most common chemical name& This is 
all that can be undertaken now. Indeed the whole of this 
little book is but a hint as to what the science of chemistry 
teaches. The science of chemistry is a very wonderful science. 
It aims to tell us the character of every element, the nature 
and composition of every compound, and every mixture in 
the whole world. It searches the molecules of matter and 
finds their atoms ; it embraces the whole earth with its prin- 
ciples, and it reaches out into the heavens and unfolds a 
a knowledge of what the sun and stars are composed of. 
Will not some who have read this little book feel a desire to 
. know more of the science whoso name it bears? — 
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